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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] The present invention relates to catalytic material for promoting growth of carbon and its preparing method, 
and electron emitting device, electron source, image fbrniing apparatus.secondary battery and body for storing hydro- 
gen using a cart>on fit>er formed by the catalytic material. The Image forming apparatus of the present invention can 
be used as an image forming apparatus for an optical printer having a photosensitive drum as well as a display device 
for television broadcasting, an image display device of television conference system or computer and so on. 

Related Background Art 

[0002] A method of making carl)on fibril is disclosed in Japanese Patent Laid-Open Gazette No. 4-504445 {con-e- 
sponding family patents WO9007023 and EP0451208). Further, a method of preparing filamentary carbon is disclosed 
in Japanese Patent Laid-Open No. 3-260119 (con-esponding family patents USP4900483 and EP433507). 
[0003] Further, a method of preparing carbon nanotut>e is disclosed in Japan Patent l^ald-Open No. 2000-95509. 
[0004] An electron emitting element using cart»on fiber is disclosed in USP4728851 publication, USP5872422 spec- 
ification, USP5726524 specification, Japanese Patent Laki-Open No, 8-115652, Japanese Patent Lakl-Open No. 
2000-057934, Japanese Patent Laid-Open No. 2000-208028. Japanese Patent Laid-Open No. 2001-052598, "Carbon 
Nanotube FED with Graphite Nano-Fiber Emitters'* S1D2000, pp398-401 . "A nanotube-based field emission flat panel 
display" Applied Physics Letters, vol. 72, No. 22. pp2912-2913 (1998) and so on. 

[0005] And. results of Raman spectrum analysis of carbon fiber is disclosed in Chemical Physics Letters 340 (2001), 
pp 413-41 8, as an example, as shown in Figs. 1 3A and 1 3B. 

SUMMARY OF THE INVENTION 

[0006] Generally in a conventional method of forming carbon fiber such as carbon nanotube upon a substrata by 
using catalytic metal with the Plasma CVD manner, temperature of the substrate should be raised to 800 to 90(y»C, 
which may give an adverse effect on other members or increase costs. 

[0007] An object of the present invention is to provide a catalyst, which enables to fom cart)on fiber satisfactorily at 
low temperature without needing complex process, and its preparing method. 

[0008] In addition, compared with so-called Splndt-type electron emitting element disclosed in such as C. A. Spirxit, 
"Physical properties of thin-film field emission cathodes with molybdenum cones", J. Applied. Physics. 47.5248 (1976), 
the electron emission element using the cart>on fiber shows advantages of low electric fiekl needed for electron emitting, 
low vacuum level needed for driving and furthermore high emitted electron density. 

[0009] However, in case of using the current emitting element using carbon fiber as an electron source of a flat panel 
display, such characteristics should be maintained for a long time. 

[001 0] For example, if the emitting cun-ent density of the electron emitting element is greatly lowered in case of being 
applied to an image display device, this may cause serious deterioration of quality of display images. For that reason, 
improving the characteristics further Is one of essential problems in the electron emitting element using carison fiber 
[0011] The present invention is related to such problems, and anther object is to obtain electron emitting element, 
electron source and image forming apparatus using carbon fiber, which may maintain advantages of low electric field 
needed for electron emitting, low vacuum level needed for driving and furthermore high emitted current density for a 
longtime. 

[0012] As a result of comprehensive investigation for accomplish the above object, the inventors have found that it 
is very preferable to use catalytic particles, which containing Pd and specific additives, as a catalyst used to form 
cartK)n fiber and then completed this invention. 

[0013] According to one aspect of the present invention there is provided an electron emitting device comprising a 
film containing a plurality of cariaon fit>ers. wherein the film, according to Raman spectrum characteristic detected by 
in-adiating laser having a wavelength of 514.5nm. has a first peak of intensity of Raman scatteing in which Raman shift 
is in a range of 1355 ± 10kaiser(cm-') and a second peak of intensity of Raman scattering in which Raman shift is In 
a range of 1580 ± lOkaiser. and wherein a Full-Width Half-Maximum (FWHM2) of the first peak and a Full-Width Half- 
Maximum (FWHM1) of the second peak satisfy a relation that FWHM2/FWHM1 ^1.2. 

[0014] According to another aspect of the present invention, there is provided an electron emitting device comprising 
a film containing a plurality of carbon fibers, wherein the film, according to Raman spectrum characterisfic detected by 
in-adiating laser having a wavelength of 514.5nm, has a first peak of intensity of Raman scattering in which Raman 
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shift is in a range of 1355 ± 10kaiser(cm-'') and a second peak of intensity of Raman scattering in which Raman shift 
is in a range of 1580 ± lOkaiser, and wherein a relative intensity h2, which is difference between background intensity 
and intensity of the Raman scattering at the first peak, and a relative intensity hi, which is difference between back- 
ground intensity and intensity of the Raman scattering at the second peak, satisfy a relation that 1.3< h2/h1. 
[001 5] According to a further aspect of the present invention there is provided an electron emitting device comprising 
a film containing a plurality of carbon fibers, wherein the film, according to Raman spectrum characteristic detected by 
Irradiating laser having a wavelength of 514.5nm, has a first peak of intensity of Raman scattering in which Raman 
shift is in a range of 1355 ± 10kaiser(cm'i) and a second peak of intensity of Raman scattering in which Raman shift 
is in a range of 1580 ± lOkaiser, wherein a Full- Width Half-Maximum (FWHM2) of the first peak and a Full^Width Half- 
Maximum (FWHM1) of the second peak satisfy a relation that FWHM2/FWHM1 < i:2. and wherein a relative intensity 
h2, which is difference between background intensity and intensity of the Raman scattering at the first peak, and a 
relative intensity hi, which is difference between background intensity and Intensity of the Raman scattering at the 
second peak; satisfy a relatton that 1.3 ^ h2/h1. 

[0016] According to still another aspect of the present invention, there is provided an electron emitting device com- 
prising a film containing a plurality of carix>n fibers, wherein the carit)on fiber is graphite nanofiber having graphenes 
laminated not in parallel to the axial direction thereof, and wherein the plurality of carix>n fibers included in the film 
containing a plurality of cart>on fibers have density over 103/cm2. 

[0017] According to still another aspect of the present invention, there is provided an image display device comprising 
a first substrate on which an electron emitting device having a film containing a plurality of carbon fibers is arranged, 
and a second substrate having a light emitting member and an anode electrode arKJ arranged in oppositk>n to the first 
substrate, wherein the carbon fiber is graphite nanofiber having graphene laminated not in parallel to the axial direction 
thereof, and wherein the number of electron emission sites of the film containing a plurality of cart>on fibers is more 
than 103/cm when electrons are emitted fonm the film containing a plurality of cartx>n fit>ers by electric field intensity 
more than 1 x lO^V/cm is applied between the film containing a plurality of carbon fiber and the anode electrode. 
[001 8] According to still further aspect of the present invention, there Is provided a catalyst used to form carbon fiber 
comprising Pd and at least one element selected from the group consisting of Fe, Co, Ni, Y, Rh, Pt, 1^. Ce, Pr, Nd, 
Gd, Tb. Dy, Ho, Er and Lu, wherein 20atm% or more (atomk: percentage) of the selected at least one element is 
contained to Pd. 

[001 9] According to still further aspect of the present invention, there is provided a catalyst used to form carbon fiber 
comprising Pd and at least one element selected in the group consisting of Fe, Co and Ni, wherein 20atm% or mora 
(atomic percentage) of the selected at least one element Is contained to Pd. 

[0020] According to still another aspect of the present invention, there is provided a method of making a film containing 
a plurality of cartx)n fibers comprising the steps of: arranging a catalyst on a substrate; and heat-treating the substrate 
on which the catalyst is arranged under circumstance including hydrocari^on gas and hydrogen, wherein the catalyst 
contains Pd and at least one element selected from the group consisting of Fe, Co, Ni, Y. Rh, Pt, La, Ce. Pr, Nd, Gd, 
Tb, Dy. Ho. Er and Lu. and mora than 20atm% (atomic percentage) of the selected at least one element is contained 
toPd. 

[0021 ] According to stilt another aspect of the present inventk)n. there is provided a method of making a film containing 
a plurality of carbon fibers comprising the steps of: arranging a plurality of catalytic particles on a substrate; arni heat- 
treating the substrate on which the plurality of catalytic particles are arranged under circumstance including hydrocar- 
bon gas and hydrogen, wherein the catalyst contains Pd and at least one element selected from the group consisting 
of Fe, Co, Ni, Y, Rh, Pt. La, Ce. Pr, Nd. Gd, Tb. Dy, Ho, Er and Lu, and 20atm% or more (atomic percentage) of the 
selected at least one element is contained to Pd. 

[0022] According to still another aspect of the present invention, there is provided a method of making an electron 
emitting device comprising the steps of: 

disposing a film containing on a substrate; arranging a plurality of catalytic particles on the film containing metal; 
and heat-treating the substrate on which the plurality of catalytic particles are arranged under drcumstance in- 
cluding hydrocart)on gas and hydrogen to form a plurality of cart)on fibers, wherein the catalyst contains Pd and 
at least one element selected In the group consisting of Fe, Co, Ni, Y, Rh. Pt, La, Ce, Pr, Nd, Gd. Tb, Dy, Ho, Er 
and Lu, and more than 20atm% (atomic percentage) of the selected at least one element Is contained to Pd. 

[0023] According to still another aspect of the present invention, there is provided a method of making an electron 
emitting device comprising the steps of. 

disposing a film containing metal on a substrate; arranging a plurality of catalytic particles on the film containing 
metal; and heat-treating the substrate on which the plurality of catalytic particles are arranged under circumstance 
including hydrocarbon gas and hydrogen to form a plurality of cartK>n fibers, wherein the catalytice particles corv 
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tains Pd and at least one element selected from the group consisting of Fe, Co and Ni, and 20atm% or more 
(atomic percentage) of the selected at least one element is contained to Pd. 

[0024] According to still another aspect of the present invention, there is provided a cathode of a secondary battery 
containing a plurality of cartx>n fit>ers. wherein a film containing a plurality of the cartx>n fil>ers, according to Raman 
spectrum characteristic detected by irradiating laser having a wavelength of 514.5nm. has a first peak of intensity of 
Raman scattering in which Raman shift is In a range of 1 355 ± 1 0kaiserCcm-'*) and a second peak of intensity of Raman 
scattering in which Raman shift is in a range of 1580 ± lOkaiser. and wherein a Full-Width Half-Maximum (FWHM2) 
of the first peak and a Full^Width Half-Maximum (FWHM1) of the second peak satisfy a relation that FWHM2/FWHM1 
<1.2. 

[0025] According to still another aspect of the present invention, there is provkjed a cathode of a secondary battery 
containing a plurality of cari^on fibers, wherein a film containing a plurality of the cartx>n fibers, according to Raman 
spectrum characteristic detected by inradlating laser having a wavelength of 514.5nm. has a first peak of intensity of 
Raman scattering In which Raman shift Is in a range of 1355 ± lOkaiserCcm't) and a second peak of intensity of Raman 
scattering in which Raman shift is in a range of 1580 ± lOkaiser. and wherein a relative intensity h2, which is difference 
between background Intensity and intensity of the Raman scattering at the first peak, and a relative intensity h1 , which 
Is difference between background Intensity and intensity of the Raman scattering at the second peak, satisfy a relation 
tfiat 1.3^h2/h1. 

[0026] According to still another aspect of the present invention, there is provided a cathode of a secondary battery 
containing a plurality of cart>on fibers, wherein the plurality of carbon fibers, according to Raman spectrum characteristic 
detected by irradiating laser having a wavelength of 514.5nm. has a first peak of intensity of Raman scattering In whteh 
Raman shift is in a range of 1 355 ± 1 0kaiser(cm-'*) and a second peak of intensity of Raman scattering in which Raman 
shift is In a range of 1580 ± lOkaiser, wherein a Full-Widtti Half-Maximum (FWHM2) of the first peak and a Full-Wkltt^ 
Half-Maximum (FWHM1) of the second peak satisfy a relation that FWHM2/FWHM1 ^ 1.2, and wherein a relative 
intensity h2, which is difference between background intensity and intensity of the Raman scattering at the first peak, 
and a relative intensity h1, which is difference between background intensity and intensity of the Raman scarttering at 
the second peak, satisfy a relation that 1.3 ^ h2/h1. 

[0027] According to still another aspect of the present invention, there is provided a body for a hydrogen storing, 
containing a plurality of cart>on fibers, wherein the plurality of cartxm fibers, according to Raman spectrum characteristic 
detected by irradiating laser having a wavelengtti of 514.5nm. has a first peak of Intensity of Raman scattering In whk:h 
Raman shift is in a range of 1 355 ± 1 0kaiser(cnrr ^) and a second peak of intensity of Raman scattering in which Raman 
shift is In a range of 1580 ± lOkaiser, and wherein a Full-Width Half-Maximum (FWHM2) of the first peak and a Full- 
Width Half-Maximum (FWHM1) of the second peak satisfy a relation that FWHM2/FWHM1 5 1.2. 
[0028] According to still another aspect of the present invention, there is provided a body for a hydrogen storing, 
containing a plurality of carbon fibers, wherein the plurality of cartK>n fibers, according to Raman spectrum characteristic 
detected by Irradiating laser having a wavelengtti of 514.5nm, has a first peak of intensity of Raman scattering in whk^h 
Raman shift is in a range of 1 355 ± 1 0kaiser(cm-'>) and a second peak of intensity of Raman scattering in which Raman 
shift is in a range of 1580 ± lOkaiser. and wherein a relative intensity h2. which is difference between background 
intensity and Intensity of the Raman scattering at the first peak, and a relative intensity hi . which is difference between 
background intensity and intensity of the Raman scaftering at the second peak, satisfy a relation ttiat 1.3^ h2/h1. 
[0029] According to still another aspect of the present invention, there is provided a body for a hydrogen storing, 
containing a plurality of cart>on fibers, wherein the plurality of cart>on fibers, according to Raman spectrum characteristic 
detected by irradiating laser having a wavelength of 514.5nm, has a first peak of intensity of Raman scattering in whk:h 
Raman shift is in a range of 1 355 ± 10kaiser(cm*^) and a second peak of intensity of Raman scattering in which Raman 
shift is in a range of 1 580 ± 1 0kaiser, wherein a Full-Width Half-Maximum (FWHM2) of the first peak and a Full-WMth 
Half-Maximum (FWHM1) of the second peak satisfy a relation that FWHM2/FWHM1 ^ 1.2. and 

wherein a relative intensity h2. which is difference between background intensity and intensity of the Raman 
scattering at the first peak, and a relative intensity hi. which is difference between background intensity and intensity 
of the Raman scattering at the second peak, satisfy a relation ttiat 1.3 5 h2/h1 . 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0030] Figs. 1A. IB, IC. ID and IE show examples of the process of making election emitting elements using 
catalytic particles of the present invention. 

[0031 ] Figs. 2A and 2B are plane view and sectional view showing an example of the electron emitting element using 
the catalytic particles of the present invention. 

[0032] Fig. 3 is a diagram for Illustrating operation when driving the electron emitting element of the present invention. 
[0033] Fig. 4 is a graph illustrating basic operational characteristics of the electron emitting element of the present 
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invention. 

[0034] Fig. 5 shows an example of a passive matrix circuit using a plurality of electron sources of the present invention. 

[0035] Fig. 6 shows an example of an image forming panel using the electron source of the present invention. 

[0036] Fig. 7 is a schematic diagram showing configuration of a carbon nanotube. 

5 [0037] Fig. 8 Is a schematic diagram showing configuration of a graphite nanoftber. 

[0038] Rg. 9 is a graph showing characteristics of the electron emitting element of the present invention. 

[0039] Fig. 10 is a graph showing Raman Spectra of the electron emitting elemient of the present invention. 

[0040] Fig. 11 is a graph showing Raman Spectra of the electron emitting element of the present invention. 

[0041 ] Fig. 1 2 is a graph showing Raman Spectra and aging of the electron emitting element of the present invention. 

10 [0042] Fig. 1 3 is a graph showing Raman Spectra of conventional cark>on fiber. 

[0043] Fig. 1 4 is a schematic diagram showing configuration of the electron emitting element of the present invention. 

[0044] Fig. 1 5 is a schematic diagram showing configuration of the electron emitting element of the present invention. 

[0045] Figs. 16A. 16B and 16C are schematic diagrams showing configuration of Graphite narK>fiber. 

IS DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

[0046] An embodiment of catalyst and method of making the catalyst, carbon fiber fomied using the catalyst and 
electron emitting device, cathode of a secondary battery, body for hydrogen storing, electron source and image forming 
apparatus using a carbon fiber according to the present invention is described in detail. But, size, material, shape and 
20 relative position of units described below do not limit ttie scope of the invention, If not mentioning specific limitation. 
The making process described below is also not unique. 
[0047] First of all, the catalyst of the present Invention Is explained. 

[0048] The catalyst of the present invention particulariy contains Pd used for growth of carbon fi ber (promoti ng growth 
of carbon fiber), and at least one element of Fe. Co, Ni, Y, Rh, Pt, La, Ce, Pr, Nd, Gd, Tb, Dy. Ho, Er and Lu is added 
25 to the catalyst And, in case of being used to form cartx>n fiber, the catalyst is preferable and important in the viewpoint 
that It controls shape such as diameter of the cartx>n fiber of a particle state. 

[0049] Among the elements added In combination with Pd, it is prefen-ed ttiat at least any of Fe, Ni and Co is added, 
and combination of Pd and Co is more preferable. If the carbon flt>er is made using catalytic particles containing Pd 
and any selected element among Fe, Ni and Co and applied the obtained carbon fiber to an electron emitting device, 
30 it is possible to obtain very excellent applied voltage-electron emission cunrent characteristics. At the same time, it is 
also possil>le to obtain stable electron emitting characteristic for a long time. In addition, it is also prefen^ed that the 
added element (Fe. NI or Co) composes the catalytic partides in an alloy state witti Pd to make a plurality of cart>on 
fibers stably with high uniformity. 

[0050] At this time, the term "cart>on fiber" In the present invention means fiber containing carit>on as a main com- 
35 ponent or cartx>n in state of fiber. And, "cartx)n fiber" of the present Invention includes cartK>n nanotube, graphite 
nanofiber, amorphous carbon fiber and diamond fiber And, as described later, in the electiron emitting device of the 
present invention, graphite nanofit>er is preferably used among the carbon fibers in aspect of Its election emission 
characteristic. 

[0051] The reason that Pd Is used as a component in the present invention is as followed. 
40 [0052] Though other catalysts except Pd become oxkJe by reaction with moisture and oxygen in atmosphere as soon 
as they are exposed to the atmosphere, Pd catalyst maintains metallic combining state more stably rather than other 
catalysts. 

[0053] Particulariy, the metallic catalytic particles In Fe group have danger of explosion due to abrupt chemical re- 
action when being exposed to the atmosphere, while the metallic Pd catalyst does not have such danger. And. metallic 
45 catalysts containing Co. Ni. Fe or ttie like added to Pd progress oxidation reaction slowly, so enabling to treat ttie 
catalyst safely. 

[0054] On the ottier hand, Pd shows a unique behavior related to nature of easily receiving hydrogen in the catalyst. 
If exposing Pd to deoxidizati'on circumstance of such as hydrogen or organic gas, particles containing hydrogen are 
combined each other at a relatively low temperature (more than about 450°C) to be particles having bigger shape ttian 
so that of an initial state. Owing to such phenomenon, there are caused some problems for Pd particles changing into 
bigger shape in the facts that growth temperature of carbon fiber is raised and threshold of electron emission is irv 
creased. 

[0055] To avoid such problems, there is a mettiod of not exposing the catalyst to hydrogen or hydrocarbon until 
reaching at a temperature required for growth of carbon fiber, but there is found more effective method that prevent 
55 defonpation to be larger partide by adding at least one of Fe. Co. Ni, Y, Rh, Pi, La, Ce, Pr. Nd, Gd. Tb, Dy, Ho. Er and 
Lu (preferably Fe, Co or Ni) into Pd particles to be combined each other. 

[0056] The aljove result is remarioble when a ratio of ttie added element to Pd Is more than 5atm% (atomic per- 
centage). And. if the ratio (atomic percentage) of ttie added element to Pd exceeds 80atin%. it tends to require deox- 



5 



EP1 245 704 A2 



Idization process such as active hydrogen addition or gets Into a slow growth of the cartxsn fiber. In addition, if the ratio 
(atomic ratio) of the added element to Pd exceeds 80atm%, crystal structure of the fomned carbon fiber tends to be 
extremely changed since the catalyst has characteristics .similar to the catalyst having 100% of added element For 
that reason, the added element to Pd is preferably less th^n 80atm%. 

5 [0057] And, the catalyst of the present invention Is preferably in a particle state in aspect of forming carbon Tiber. 
[0058] Furthermore, though described in detail later, when applying cart>on fiber to the electron emitting device, one 
in which carbon fibers are arranged in high density (called as "film containing a plurality of carbon fibers*) is applied 
to one electron emitting device. When forming such a film containing a plurality of cartK>n fibers with high uniformity 
and stability, it is essential that the element added to Pd contained in the catalytic particles of the present Invention is 

10 an alloy state. 

[0059] The present invention, though described in detail later, is to form a minute nucleus (catalyst particle (with a 
diameter of 1 to 1G0nm)) with the above catalytic materials to thereby grow cart>on fiber preferably applied to the 
electron emitting device through the nucleus (catalyst particle) by pyrolysis of hydrocarkx>n gas using the thermal CVD 
manner At this time, there are used, for example, acetylene, ethylene, methane, propane, propylene and so on for the 
hydrocarbon gas. In addition, steam of organic agents such as etharK>l and acetone are often used. 
[0060] Figs. 7, 8, 1 6A, 1 6B and 1 6C exemplarily show schematic diagrams of the film containing a plurality of carbon 
fibers obtained by decomposition of hydrocartK)n gas using the catalyst particles of the present invention. In each 
figure, a shape of cartx>n fil>er seen at an optical microscope level (-1000 times) are schematically shown to left, a 
shape at an scanning electron microscope (SEM) level (-30,000 times) to center, and a shape at a transmission electron 
.20 microscope (TEM) level (-1,000,000 times) to right 

[0061] As shown in Rg. 7. if graphene Is in a cylindrical shape, it is called as carbon nanotube (if multi-layered 
cylindrical shape, it called as multi-wall nanotube), arKi the ti>reshotd required for electron emission Is lowest when an 
end of the tube is opend. 

[0062] Graphite nanofiber is schematically shown in Figs. 8, 1 6A, 1 6B and 1 6C. This type of cartK)n fiber is composed 
25 as a multi-layered graphene. More specifically, as shown in the right schematic figure of Fig. 8, graphite nanofiber 

designates fiber-state material in which graphenes 23 are laminated to a longitudinal direction (fiber axis direction). 

Or, as shown in the right schematic figure of Fig. 8, It designates the fiber-state materials in which the graphenes 23 

are arranged not parallel to the fiber axis. Even though the graven 23 is substantially perpendicular to the axis of fit>er, 

it is Included in graphite nanofit>er in the present invention. 
30 [0063] In addition, the first crossed surface of graphite is called as "graphene" or "graphenesheer. More spedficalty. 

graphite is made by laminating carbon planes, which is formed by the covalent bond of cart>on atoms by sp2 hybridl- 

zation(trigonal hybridization) and an-anged as if regular hexagons are laid, with maintaining a distarK:e ideally of 3.354A. 

This carbon plane Is called as "graphene* or "gafensheet". 

[0064] In case the atx)ve carbon fit>er is used as electron emitting device, the threshold of this electron emission is 

35 about IV to lOV/nm, which is preferably as the electron emitting materials. 

[0065] And, in case of fomning the electron emitting device using carbon fit>er, the film containing a plurality of carbon 
fibers are used for one electron emitting device. However, when such a film containing a plurality of cartx>n fiber is 
used, graphite nanofik>er is preferably used as carit>on fiber. It is because the electaron emitting device in which the film 
containing a plurality of graphite nanofibers is used as an electron emitting film may obtain greater electix»n emission 

40 current density rather than the case of using cartoon nanotulDe. 

[0066] In addition, when the electron emitting device is used as. for example, a display and an electron source, it is 
required to maintain the good electron emission characteristic for a long time. As a result of investigation conducted 
by the inventors, it has been found that it is possible to maintain the good electron emission characteristic of the electron 
emitting device using the film containing a plurality of carbon fibers if Raman spectium analysis of the film gives a 

^ specific result. 

[0067] Fig. 11 shows characteristics remarkably appeared in the film containing a plurality of cari>on fibers In which 
ttie film may maintain ttie good electix>n emission characteristic for a long time. Specifically, it schematically shows 
intensity distribution characteristic (Raman Specti-a) of Raman scattering (scattered light) detected when in-adiating 
laser with a wavelength of 51 4.5nm to the film containing a plurality of cart>on fibers of the present invention. In addition, 
so in Fig. 11, a horizontal axis designates deviation extent (called as "Raman Shift") of frequency of Raman scattering 
from Rayleigh scattering, while a vertical axis designates intensity of Raman scattering . 

[0068] As shown in Fig. 11, the film containing a plurality of cari>on fibers of the present invention shows a clear peak 
("first peak**) of Raman scattering intensity when Raman shift is in range of 1355±10kaiser(cm-i), and a dear peak 
("second peak") of Raman scattering intensity when Raman shift Is In range of 1580±10kaiser(cm-^). Its believed that 
55 the first peak may be corresponded to so-called **0 band", while ttie second peak may be con^espbnded to so-called 
"Gband". 

[0069] And, the film containing a plurality of carbon fibers of the present invention, as shown in Fig. 1 1 , has a relative 
intensity h2, which is a difference between Raman scattering intensity of the first peak and background intensity (base- 
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line), at least 1.3 times of a relative intensity hi, which is a difference between Raman scattering intensity of the second 
peak and background intensity. And more preferably, in the film containing a plurality of cartx)n fibers of the present 
invention, a relative Intensity h2, which Is a difference between Raman scattering intensity of th^ first peak and back- 
ground intensity (baseline), is 1.3 times or more and 2.5 times or lower of a relative intensity hi, which is a difference 
5 between Raman scattering intensity of the second peak and background intensity. 

[0070] In addition, in this Invention, the background intensity designates one connecting Raman scattering intensity 
at 1100 cm-i and Raman scattering intensity at 1700 cm'i in a straight line in an averaged result of an actual measured 
Raman spectrum graph. 

[0071] And, the film containing a plurality of cart>on fibers of the present invention satisfies the relation l>etween Full- 
to Width Half-Maximum of the first peak FWHM2 and Full-Wrdth Half-Maximum of the second peak FWHM1 that 
FWHM2/FWHM1 ^ 1.2. 

[0072] And preferably, the film containing a plurality of carbon fibers of the present invention satisfies the relation 
between Full-Width Half-Maximum of the first peak FWHM2 and Full-Width Half-Maximum of the second peak FWHM 1 
that FWHM2/FWHM1 5 1.2. and has a relative intensity h2, which is a difference between Raman scattering intensity 

IS of the first peak and background intensity (baseline), at least 1 .3 times of a relative intensity h 1 , which is a difference 
between Raman scattering intensity of the second peak and background intensity. And more preferably, the film con- 
taining a plurality of cartx>n fibers of the present invention satisfies the relation between Full-Width Half-Maximum of 
the first peak FWHM2 and Full-Width Half-Maximum of the second peak FWHM1 that FWHM2/FWHM1 ^1.2. and a 
relative intensity h2, which is a difference between f^man scattering intensity of the first peak and background intensity 

20 (baseline). Is 1 .3 times or more and 2.5 times or lower of a relative intensity hi , which is a difference between Raman 
scattering intensity of the second peak and background intensity 

[0073] More preferably, the film containing a plurality of cart>on fibers of the present Invention has a relative intensity 
h3. which is a difference between a minimum intensity between the first peak and the second peak (or between D band 
and G band) of Raman scattering intensity and the background intensity, 1/10 or lower of a relative intensity h2. which 
25 is a difference between a minimum intensity of Raman scattering Intensity having the first peak, in addition to each of 
the above characteristics (the Full-Width Half-Maximum of the first peak and the second peak and/or the intensity ratio 
between the first peak and the second peak). And. more preferably, the relative Intensity h3 is 1/15 or lower of the 
relative intensity h2. 

[0074] As described above, by the feet that the minimum intensity h3 of Raman scattering intensity 1$ 1/10 or lower. 
30 particulariy 1/1 5 or lower, of Rarrian scattering intensity having the first peak in relation of the first peak and the secorKJ 
peak (or D band and G hand), crystallization of the cart>on fiber is improved and thus it is possible to maintain the good 
electron emission characteristic for a long time. 

[0075] The electron emitting device using the film containing a plurality of carbon fibers of the present invention 
satisfying the above conditions has greater initial electron emission current density, as descrit>ed below, or lower de- 

35 terioration of the electron emission characteristic with time, and may become an electron emitting device with good 
life characteristic. Though the reason that the good life characteristic is obtained for a k>ng time is not clear, it is Judged 
in tiie present invention that the relation witii h3 is also one of importent factors in addition to the relation between hi 
and h2 and the relation between FWHM1 and FWHM2. In addition, the relation between h2 and h3 gives a stebility of 
electron emitting characteristic. 

40 [0076] Now, an example of methods for making the film containing a plurality of cartx>n fibers is described. But, size, 
material, shape, relative position, used gas and chemicals of units described below are just one example, but not 
intended to limit the scope of the present invention. 

[0077] The film containing a plurality of cartx>n fibers with the atx>ve Raman shift characteristics can be obteined by 
growing cartjon fibers through the below-described catalytic particles of the present invention (particularly, particles 

^ comprising Pd arid Co alloy or particles comprising Pd and Ni alloy). 

[0078] The electron emitting device using particulariy graphite nanofiber among carbon fibers made using the cata- 
lytic particles of the present invention ts not limited to device configuration shown in Rg. 2 described later, and may 
generate electron emission at a low electic field, and be able to obtain large emitting currents, and be easily manu- 
factured, and have stable electron emission characteristics. 

so [0079] Graphite nanofiber. differentiy to carbon nanotube and so on, has fine convex and concave protrusions on a 
surface (a side of fiber) as shown in Fig. 8 or the like, so thus it is thought that electric field concentration may be easily 
appeared and the electron will be easily emitted. And, it is also considered that the electron emission would t>e easier 
since graphene has an extended shape from a central axis of the fiber toward outside (surface) of the fiber. One cartx>n 
nanutube is chemically inert since the side of fiber is basically corresponding to (002)ptane of graphite and does not 

ss have protrusion like the graphite nanofit>er. so it CQUId be thought that electi-on emission is not easy at the side of fiber. 
For that reason, graphite nanofiber among cart>on fibers is considered preferable for the electron emitting device. 
[0080] For example, it is possible to set the film containing a plurality of graphite nanofiber as an emitter and then 
make an electron emitting device by providing electrode (gate electrode) for controlling electi-on emission from this 
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emitter Then, by arranging a light emitting member, which emits light by irradiation of electrons emitted from the graphite 
nanofiber, on a trajectory of the electrons, a light emitting device such as lamp may be formed. In addition, it is also 
possible to configure an image display device such as display by arranging a plurality of electron emitting devices using 
the film containing a plurality of graphite nanofibers as well as preparing anode electrode havir>g a light emitting member 
such as fluorescent substance. The electron emitting device, light emitting device or image display device using the 
graphite nanofiber of the present Invention may stably emit electrons without maintaining inner in an ultra-high-vacuum 
state as ttie conventional electron emitting device does, and since they emits electrons at a lower electric field, very 
reliable devices may be manufactured very conveniently. 

[0081] And, particularly when arranging a plurality of catalytic particles of the present invention and then applying 
the electric field intensity of 1 x 105v/cm between the anode electrode and the film containing a plurality of graphite 
nanofiber grown from the catalytic particles, a density of KPnumber/cm^ can be obtained at electron emission site. 
[0082] As an example of the methods of making the catalyst (particularly, particulate catalyst) of the present invention, 
there is vacuum coevaporation. and specifically it is possible to make the catalyst by using Pd as a first evaporation 
source of the vacuum evaporation and at least one element selected in the group consisting of Fe, Co, Ni, Rh, Pt. 
La, Ce, Pr. Nd, Gd, Tb, E^, Ho, Er and Lu as a second evaporation source of the vacuum evaporation. 
[0083] As for the vapor evaporation, there may t>e used electron beam evaporation, resistance heating evaporation, 
sputter method and so on, but the sputter method is preferably used. In this case, though it is a unified sputter device, 
the catalyst of the present invention can be manufactured by putting components, added to Pd target, on each test 
piece and then sputtering them. 

[0084] In addition, tiiere Is also a liquid coating method for making the catalyst, in which the caitalyst of the present 
invention is made by coating blended solution of a first liquid containing Pd and a second liquid containing at least one 
element selected in ttie group consisting of Fe, Co; Ni. Y, Rh, Pt La. Ce, Pr, Nd. Gd. Tb. Dy. Ho, Er and Lu on a 
substrate and then drying or heating it 

[0085] Now, an example of electron emitting device using carbon fiber formed using the catalytic particles of the 
present Invention is described with reference to schematic views shown in Figs. 1 and 2. At this time, the catalyst of 
the present invention is in a partide state for example. 

[0086] Fig. 2A is a schematic plane view showing an example of configuration of electron emitting device using the 
film containing a plurality of cart>on fibers of ttie present invention, while Fig. 28 is a schematic sectional view taken 
along 2B-2B line of Fig. 2A. 

[0087] In Figs. 2A and 2B. 201 denotes an insulation substrate, 202 denotes a drawer electrode (gate electrode), 
203 denotes a cathode electrode, 207 denotes a carbon fibers, which is a material of an emitter, and 205 denotes a 
conductive material layer, which Is made by growth of the cart>on fiber 207 through the catalytic particles. This con- 
ductive material layer 205 is not essential. Though the cathode electrode 203 is piled over ttie conductive material 
layer 205 on which the catalytic particles are arranged, it is also possible to arrange the catalyst of the present invention 
on a suriace of the cathode electrode 203 without the conductive material layer 205. In other words. It is also possible 
that the cart>on fiber 207 is arranged on the surface of the cattiode electrode 203. 

[0088] As for the insulation substrate 201, an insulation substrate using such as quartz glass of which surface is 
sufficientiy cleaned can be used. 

[0089] The gate electrode 202 and the cattiode electrode 203 ara conductive, and formed by a general vacuum film 
forming technique such as evaporation and sputtering or a photolithography technique. As a material, cartx>n, metal, 
nitride of metal, carbide of metal and so on, which have heat resistance, are preferable. 

[0090] The material of emitter (cartoon fiber) 207 is cartjon fiber such as cartx>n nanotube, graphite nanofiber or the 
like, grown using the catalytic particles including Pd and additionally at least one of Fe. Co, Ni. Y, Rh, Pt. La, Ce, Pr, 
Nd, Gd. Tb, Dy. Ho, Er and Lu. Among the additional components, Fe, Co and Ni are preferably used to obtain effects 
of the present invention. And, particularty, combination of Co and Pd Is preferable. Also, it is required that Pd and the 
component (at least one of Fe, Co. Ni. Y, Rh, Pt, La, Ce. Pr. Nd. Gd, Tb, Dy, Ho, Er and Lu) combined witti Pd are 
alloyed in aspect of forming the cartx>n fiber of the present invention having high uniformity and reproduction. 
[0091] Hereinafter, an example of making the electron ernltting element of ttie present invention shown in Fig. 2 is 
described in detail with reference to Fig. 1. 

(Stepi) 

[0092] After cleaning the substrate 101 sufficientiy, an electrode layer witti. for example, a thickness of 500nm Is 
formed on the full substrate to fomi ttie gate electrode 1 02 and ttie cattiode (emitter) electrode 1 03. Quartz glass, glass 
partially replaced wltti K in which impurity contents of such as Na is reduced, a substrate in which SiOg is laminated 
on a silicon substrate, and a ceramic substrate of such as alumina can be used for ttie insulation substirate 101. 
[0093] Then, positive type photoresist is used to form resist pattern in a photolithography process. The electrode 
layer is dry-eched using Ar gas while the patterened photoresist is used as a protective mask. Thus, the gate electrode 
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1 02 and the cathode electrode 1 03 with a gap (between the electrodes 1 02 and 1 03) S^im are fonmed (Fig. 1 A). Materials 
of the gate electrode 1 02 and the cathode electrode 1 03 are selected from, for example, cart>on, metal, nitride of metal, 
carbide of metal, metallic t>oron, semiconductor and metal compound of semiconductor. Materials of the gate electrode 
102 and the cathode electrode 103 are preferably cartx>n, metal, nitride of metal, carbide of metal and so on, which 
5 have heat resistance. Thickness of the gate electrode 102 and the cathode electrode 103 may be set In range from 
several tens of nm to several tens of ^m. 

[0094] Hereinafter, patterning of film or resist using the photolithography process, film fomilng. lift-off. etching and 
so on is called simply as "patterning*. 

10 (Step 2) 

[0095] The resist pattem 1 04 Is formed using negative type photoresist used for lift-off of an upper layer in the pho- 
tolithography process (Fig. IB). 

[0096] Then, in this example, a conductive material layer 105 is formed on the cathode electrode. In case of arranging 
iS the conductive material layer 105, it is prefen-ed to use nitride of at least one of Ti, Zr, Ta and Nb as its material. 
Particulariy. TIN is preferred in aspect of growing the cartx>n fiber stably 

[0097] AtkJ then, the catalyst 106 of the present invention is formed on the conductive material layer 105 by using 
the above-described vacuum evaporation or liquid coating and so on(Fig. 1C). In order to arrange the catalyst of the 
present invention in a particle state, there can be used a method of spin coat of liquid containing ultrafine particles or 

20 a method of forming a catalytic layer by sputtering and then making it into particles by heating and aggregation under 
hydrogen circumstance. In the electron emitting device, the method using aggregation by heating under the hydrogen 
circumstance with assuring sufficient electric contact between the cariDon fiber and the cathode elecfrode is preferred. 
[0098] The catalytic particle of the present invention has a diameter Inm or more and lOOnm or lower, and more 
preferably 10 to 80nm. In order to make the catalyst having such a diameter, the catalyst is piled to a thickness of Inm 

25 or more and lOOnm or tower, and then heated urKler hydrogen circumstance. 



(Step 3) 



[0099] By lifting off the conductive material layer 105 and the catalytic particle 106 on the resist through use of 
separation liquid of the resist patterned in the process 2, the conductive material layer 1 05 and the catalytic particle 
106 are pattemed as desired (Fig. ID). 

(Step 4) 



35 [0100] Then, the substrate on which the gate electrode 1 02, the cathode electrode 1 03 and the catalytic particle 1 06 
are arranged is heat-treated under circumstance including gas having cartx>n. And. as for the gas having carbon, 
hydrocarbon gas is preferably used. As for hydrocaritx>n gas. a gas selected among acetylene, ethylene, benzene arKi 
acetone Is preferably used. And. It is also preferred that the hydrocarison gas is in contact with the substrate 1 with 
being mixed with hydrogen.iAnd, such heating (heat treatment) is conducted at a temperature of 400° C or higher and 

40 800°C or tower. 

[01 01] If observing a surface of the conductive material layer 1 05 with SEM (a scanning elecfronic microscope) after 
such freatment, it would be understood that a plurality of cartxjn fibers are formed (Fig. IE). In the present invention, 
the region created by arrangement of a plurality of carbon fibers is called as "a film containing a plurality of carbon 
fibers". In the present invention, fiber used for particulariy the elecfron emitting element preferably has a diameter of 
45 5nm or more and 1 0Onm or lower, and more preferably 1 0 or more and 30nm or tower. Deviating this range may cause 
decrease of the life and make it impossible to obtain sufficient emission current. 

[0102] The electron emitting device using the film containing a plurality of cariaon fibers, as constructed above, is 
explained with reference to Figs. 3 and 4. 

[0103] The device in which the gate elecfrode and the cathode electrode are spaced apart as much as a gap of 
so several ^m is installed to a vacuum device 408 as shown in Fig. 3, and a vacuum exhaust device 409 exhausts gas 

until reaching at about 10-^Pa. As shown in Fig. 3, the anode elecfrode 410 is Installed to a height H of several mm 

from the subsfrate by using a high voltage power source to apply high voltage Vg of several kVs (kilo-volts). 

[0104] And. a.phosphor 411 on which a conductive film is coated is installed to the anode 410. 

[0105] At the device, device cun-ent l| and elecfron emission current 1^ flowing by applying pulse voltage of about 
S5 several ten V as driving voltage Vf are measured. 

[0106] At this time, it is thought that an equipotential line 412 is fomied as shown in Fig. 3. A point where the electric 

fiekJ is most concenfrated is considered to be an inner space of the gjap from the anode 410 of an elecfron emitting 

material (cart>on fiber) designated by 4 1 3. 
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[01 07) It is also thought that electrons are emitted from a plurality of cartxjn fibers positioned near the electric field 
concentrated point. 

[01 08] Electron emission characteristic of this electron emitting device is as shown in Fig. 4. In other words, 1^ (elec- 
tron emission density) is abmptly increased from threshold voltage (V,f,), and not-shown If (current measured between 
s the gate electrode and the cathode) has similar characteristics to 1^, but its value is sufficiently low, compared with l^. 
[0109] In the embodiment of the present invention as described above, the gate electrode 102(202) and the cathode 
103(203) are arranged on a surfece of the substrate 101(201). 

[0110] The gap between the gate electrode 102(202) and the cathode 103(203) and the driving voltage (voltage 

applied between the gate electrode 2 and ttie cathode 3) are determined so that the electric field required for electron 
10 emission has a value 1 to 50 times of that of the horizontal electric field when comparing the vertical electric field 

required for electron emission from the cart>on fiber with the vertical electrical field required for electron emission. 

[0111] At this time, "the horizontal electric field" in the present invention means "an electric field to a direction sut>- 

stantially parallel to a surface of the substrate 101(201)" or "an electric field to a direction that the gate 102(202) and 

the catiiode 1 03(203) are faced". 
IS [01 1 2] And. "the vertical electric field" mentioned above in the present invention means "an electric field to a direction 

substantially perpendicular to the surface of the substrate 1 01(201)" or "an electric field to a direction that the substrate 

1 0 1 (20 1 ) and the anode 411 are faced". 

[0113] As described above, Fig. 3 is a schematic sectional view showing configuration when the anode 411 is ar- 
ranged upon the elecfron emitting device and then the electron emitting device is driven. As shown in Fig. 3. in the 
20 electron emitting device of the present invention, assuming tiiat a distance of the gap between the cathode 203 and 
the gate electrode 202 is d, a potential difference (voltage between the cathode 203 and the gate electrode 202) when 
driving the electron emitting element Is Vf, a distance between surfaces of the anode electrode 411 and the substrate 

201 on which the elements are arranged is H, and a potential difference t>etween the anode 411 and the cathode 203 
is Vg, it is considered that the electric field during driving (horizontal electric field; E1 =V^d) is 1 times or more and 50 

25 times or lower of tiie electric field between the anode and the cathode (vertical electric field; E2=Va/H). As a result, 
electrons emitted from the cathode 203 collide with the gate electi^de 202 may be decreased. Therefore, it may obtain 
high effident electron emitting device with low spreading of the emitted electron beam. 

[0114] In addition, as shown in Figs. 2A. 2B and 3, in Oie elecfron emitting device using the film containing a plurality 
of cartx>n fibers of the present emtx>diment, It Is preferred that a plane, which includes a surface of the film containir^ 
30 a plurality of carbon fibers and is substantially parallel to the surface of the substrate 201, is arranged in a position 
spaced apart from the subsfrate surface rather than the plane, which includes a part of the surface of gate electrode 

202 and is substantially parallel to the surface of the substrate 202 in order to resfrain scattering of elections on the 
gate electrode 202 or irradiation of elecfrons toward the gate elecfrode. 

[0115] In other words, in the elecfron emitting device (elecfron emitting apparatus) of this emlxxliment. the plane, 
35 which includes a part of the surface of the film containing a plurality of carbon fifc>ers and is substantially parallel to the 
surface of substrate 1, is arranged t>etween the anode 411 and tiie plane, which includes a part of ttie surface of the 
gate electrode 202 and is substantially parallel to the substrate surface. 

[0116] And, in the electron emitting device (electron emitting apparatus) of this embodiment, a front end of the cartx>n 
fiber is arranged to a height "s" (which Is defined as a distance t>etween the plane, which includes a part of the surfece 
40 of gate electrode 202 and is substantially parallel to the surface of substrate 201, and the plane, which includes the 
suriace of the film containing a plurality of cartx)n fibers and is substantially parallel to the surface of substrate 201), 
as shown in Fig. 3. 

[0117] The mentioned height "s" depends on a ratio of the vertical electiical field vs. the horizontal electrical field 
(the vertical electrical field/the horizontal electrical field), and the height is lowered as the ratio of the vertical electrical 
« field vs. the horizontal electrical field is low. while bigger height is required as tiie horizontal electiic field is increased. 
Practically, the height "s" is in range of lOnm or more and lOjim or lower. 

[01 18] And, the elecfron emitting device using the film containing a plurality of carbon fibers of the present invention 
may adopt various configurations in addition to the configuration shown in Figs. 2A and 2B. 

[0119] For example, a cone-type emitter positioned in opening of tiie gate electrode of so-called Spindt-type electron 
50 emitting device as shown in Fig. 15 may be replaced with the film containing a plurality of cart>on fibers. Or, it is also 
possible to arrange a film 4 containing a plurality of cart>on fibers of the present Invention on the cathode 3 arranged 
on the subsfrate 1 as shown in Fig. 14. position an anode 62 to be oriented to the substrate 1. and then apply electric 
field k>etween the cathode 3 and the anode 62 so that electron may be emitted from the film 4 containing a plurality of 
carbon fibers of the present invention. Altemately, it is also possible in the configuration of the elecfron emitting element 
55 that a grid elecfrode for confrotling elecfron emission is additionally positioned between the aruxle and the film con- 
taining a plurality of carbon fibers arranged on the cathode. 

[01 20] However, in the present invention, it is preferred to have configuration thai the gate electrode and the cathode 
are arranged spaced apart on the subsfrate 1 so that the film containing a plurality of cartx>n fibers is positioned on 
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the cathode, as shown In the sectional view of Fig. 2. By using the configuration of Figs. 2A and 2B, it is possible to 
obtain the electron emitting device with high efficiency and lower spreading of the emitted electron beam. 
[01211 In addition, though it is shown in Fig. 2 that the gate electrode 202 and the cathode 203 have identical thick- 
ness, the cathode may have greater thickness than that of the gate electrode in other configurations. Additionally, such 
configuration can be modified even if an insulation layer with a suitable thickness is arranged between the cathode 
and the substrate. 

[0122] As for preferable content of Co included In the catalyst, the inventors have conducted investigation for different 
content of Co. As a result, it has been found that voltage width (amplitude voltage width) and threshold required for 
obtaining certain current is varied depending on concentration of Co. As a result, in the viewpoint of increased threshold 
and voltage width required to obtain certain current from cart)on fiber, it is prefen-ed to add at least 20% of Co to Pd. 
And, if a fraction of Co is less than 20atm%, it is impossible to obtain good electron emission characteristic for a long 
time in the formed electron emitting device using the film containlrig a plurality of carbon fibers. In addition, it has been 
found that a minimum growth temperature of carbon fiber can substantially not obtained with a general substrate if a 
fraction of Co in the catalyst containing Pd and Co exceeds 80atm%. It has also been found that. If a fraction of Co 
exceeds 80atm%, stakNlity is better but the electron emission characteristic is deteriorated. As a result, a fraction of 
Co in the catalyst containing Pd and Co is 20atm% or more and 80atm% or lower. 

[0123] As a specific example, a measurement system is configured composed of parallel plate and so on by electri- 
cally connecting and the cart>on fibers grown with different content (0%. 23%, and 50%) of Co added to Pd and then 
positioning them in a vacuum chamber, and then applying high positive voltage to a faced anode. Fig, 9 shows results 
measuring electron emission amounts emitted from the fiber in one embodiment of the present invention. 
[0124] As shown in Fig. 9, in this example, one having the smallest amplitude voltage width (width of voltage required 
for obtaining certain cun^ent as the electron emission current 1^ increases from zero) is Co: 50atni% for the smaller 
one. As this amplitude voltage wkJth is smaller, cost for the device required for driving control is decreased. In detail, 
as a result of irivestigation with changed added contents, the amplitude voltage width is effectively lowered rather than 
the case of 100% of Pd when Co is or more 20atm%. Therefore, the cost of driving device is reduced as the threshold 
is lower even for an increased threshold. As apparently understood in Fig. 9, It is observed that the threshold is lowered 
as the content of Co to Pd Is increased. 

[0125] On the other hand, a maximum content of Co to Pd is investigated in another aspect. In order to dissolve 
hydrocarbon gas using the catalyst, an oxidized film existing on a surface of the catalyst should be removed. Though 
the oxidized film is removed by exposing the catalyst to high temperature by using such as hydrogen, this removing 
temperature becomes one of factors determining the lowest limit of growth. After Investigating the lowest limit of growth, 
the inventors have found that the lowest limit is about 400«'C at Pd: 100%. but about 410°C at Co: 23atm%. about 
500**C at Co: 50atm% and about BOO^'C at Co: 100%. As a result of investigation with more modified content of Co In 
more detail, it has t>een found that the minimum growth temperature is abruptly Increased when a fractk>n of Co exceeds 
80atm%, which Is substantially equal to the case of Co: 100%. 

[0126] As easily understood from the results, when using the carbon fiber grown from the catalytic particles using 
materials including Pd and Co (more specifically, alloy of Pd and Co), a preferable concentration of Co is 20 to 80atm%. 
Such a preferable range of concentration is equal for Fe and Ni. which are materials to be added to Pd. 
[0127] Now, the image forming apparatus obtained by anranging a plurality of electron emitting elements to which 
the present invention Is applicable is described with reference to Figs. 5 and 6. In Fig. 5, 601 denotes an electron 
source substrate, 602 denotes X-directional wire. 603 denotes Y-directlonal wire, 604 denotes the electron emitting 
device of the present invention and 605 denotes a wire connection. 

[0128] In Fig. 5, m number of X-directional wires are composed of DX^, DXg DX^. Material, film thickness and 

width are suitably designed. The Y-directional wires 603 includes n number of wires DY^, DYg, ... , DY„, identical to the 
X-directional wire 602. An insulation interiayer. not shown, is arranged between m number of the X-directional wires 
602 and n number of the Y-directlonal wires 603 to separate them electrically (m and n are all positive integer). 
[01 29] The X-directional wire 602 and the Y-directional wire 603 are all drawn out as external terminals, respectively. 
[0130] A pair of elecfrodes (not shown) composing the electron emitting device 604 of the present invention is elec- 
tricaily connected through the wire connections 605 to m numt}er of the X-directional wires 602 and n number of the 
Y-directional wires 603. 

[0131] A scanning signal applying means, not shown, for applying scanning signals is connected to the X-directional 
wire 602 in order to select a row of the electron emitting device 604 of the present invention arranged to X direction. 
On the other hand, a modulated signal generating means, not shown, for modulating each column of the electron 
emitting device 604 of the present invention, depending on an input signal, arranged to Y direction is electrically con- 
nected so as to select individual device to be independently operated. 

[0132] Such an image forming apparatus composed using the electron source In a simple matrix an-angement Is 

described with reference to Fig. 6. Fig. 6 shows a display panel of the image forming apparatus. 

[0133] In Fig. 6, 701 denotes an electron source substrate in which a plurality of electron emitting devices are ar- 
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ranged, 703 denotes a rear plate to which the electron source substrate 701 is fixed, and 710 denotes a face plate in 
which a fluorescent film 708 and a metal back 707 are fomned on inside of a glass substrate 709. 704 is a support 
frame, which is connected to the rear plate 703 and the face plate 710. 711 denotes an envelope, which is sealed. 
[01 34) 706 denotes the electron emitting device of the present invention. 702 and 705 denote X-directional wire and 
5 Y-directional wire connected to the electron emitting device of the present invention. 

I0135J The envelope 711 includes the face plate 710. the support frame 704 and the rear plate 703, as described 
above. On the other hand, the envelope 711 has strength suffident against atmosphere pressure by installing supports 
(not shown) called as. spacer to the face plate 710 and the rear plate 703. 

[0136] The configuration of the image forming apparatus described above is just an example of image forming ap- 
10 paratus applicable to the present Invention, and can be modulated depending on technical aspects of the present 
invention. As for an input signal. TV signal (for example, high qualified TV including MUSE manner) as well as NTSC 
manner, PAL, SECAM manner and so on can by adopted. 

[0137] In addition, the cart>on fiber obtained in the present Invention can k>e preferably applied to body for storing a 
material (ex. hydrogen), cathode material of batteries and complex materials as well as the electron emitting device. 

IS Particularly, in case the carbon fiber of the present invention is graphite nanofiber. since graphene having excellent 
crystallization to an axial direction of fiber is accumulated, more superior hydrogen occlusion(in other words "adsorp- 
tion* or "storage") is come out. and better characteristics can be obtained as a cathode material of batteries. Among 
batteries, the graphite nanofiber of the present invention is preferably applied to cathode of a secondary battery(re- 
chargeable battery), and in pariicular the graphite nanofiber of the present invention having excellent crystal structure 

20 is preferably applied to cathode of a lithium ion secondary battery Since the graphite nanofit>er of the present invention 
has excellent crystal structure, this may form stable and large charging/discharging capacity. AtkI when the graphite 
nanofit>ers formed using the caterytic particle mainly containing at least one of a Fe-Pd alloy, a Nl-Pd alloy and the Co- 
Pd alloy are applied to a body for storing hydrogen or secondary battery, the especially excellent characteristic can be 
shown. 

25 

(Examples) 

[01 38] Hereinafter, examples of the present invention are described in detail. 
30 <Example 1> 

[0139] In thie first Example, Pd and Co are added as catalyzing particles by the common sputtering manner. 

[01 40] Now, a method of making electron emitting device of the present example is described in detail with reference 

to Figs. 1 A to IE. 

35 

(Step 1) 

[0141] After cleaning the substrate 101 sufficiently with the quartz substrate. Ti with thickness of 5nm and R with 
thickness of lOOnm. not shown, are continuously evaporated on overall substrate by sputtering at an initial stage in 
^ order to form the gate electrode 102 and the cathode (emitter) electrode 1 03. 

[0142] Then, the resist pattern is formed using a not-shown positive type photoresist in the photolithography process. 
[0143] Then, the pattemed photoresist as mask is dry-etched by using Ar gas on the Pt layer and Ti layer, and the 
gate electrode^102 and the cathode 103 having an electrode gap (width of interval) of S|im is pattemed (Fig. 1A). 

^ (Step 2) 

[0144] The resist pattern 104 is formed using negative type photoresist used for aftenvard lift-off of an upper layer 
in the photolithography process (Fig. IB). 

[0145] Then, TIN layer is formed as a conductive material layer on whteh carbon fiber 107 will be grown with the 
so catalytic particles 106. 

[0146] In addition, the catalytic particles 1 06 of the present invention are all formed by common sputtering manner. 
In this case, some Co thin peaces are putted on a Pd sputtering target. The catalytic particles 106 include Pd and Co 
of 33atm% in a ratio (atomic ratio) to Pd (Fig. 1C). 

ss (Step 3) 

[0147] The resist and the conductive material layer 105 and the catalytic particle 106 on the resist are lifted off by 
using separation liquid of the resist pattemed in the process 2. and the conductive material layer 105 and the catalytic 



12 



EP1245 704 A2 



particle 106 are patterned as desired (Fig. ID). 
(Step 4) 

I014aj Then, they are heated in ethylene gas flow. After Investigation with a scanning electronic microscope, it is 
found that a plurality of carbon fibers are fomied. (Fig. 1E) Moreover, the carbon fibers were graphite nanofibers. 
[0149J The electron emitting device made as above are mounted in a vacuum device as shown in Fig. 3. and gas is 
exhausted by the vacuum exhausting device 409 until reaching to 2xi0-5pa. Positive voltage Va=10kV is applied to 
the ariode 411 H=2mm spaced apart from the device as shown in Fig. 3. At this time, device current If and electron 
emission current 1^ flowing by applying pulse voltage having driving voltage are measured at the device. 
[01 50] I, and Ig characteristics of the device are shown in Fig, 4. In other words, 1^ is abmptly increased at alx)ut half 
of the applied voltage, and about IpA of the electron emission current le is measured when Vf is 15V. On the other 
hand, though If has similar characteristics to 1^. but its value is low more than one order, compared with 

< Example 2> 

10151] In the second embodiment. Pd and Fe are added as catalytic particles by common co-evaporation method. 
[01 52] In the present embodiment, after making the electron emitting device in a similar manner to the first embod- 
iment, except that the second process is conducted as below. I| and 1^ are measured. 

(Step 2) 

101 53] The resist pattern 1 04 is formed using negative type photoresist used for lift-off of an upper layer in the pho- 
tolithography process (Fig. 1B). 

[0154] Then. TIN layer is formed as a conductive material layer 1 05 on which the carbon fiber 107 woukj be grown 
with the medium of the catalytic particles 106. 

[01 55] And, the catalytic particles 1 06 of the present Invention are fornied by a common electron beam (two materials 
simultaneously) evaporation manner as follows. Then, the catalytic particles are deposited on TIN layer by using Pd 
and Fe as vacuum evaporation sources. As a result, the catalytic particles 106 containing Fe component of 20atm% 
to Pd is formed in an island shape (Fig. 1C). 

[0156] l| and 1^ characteristics of the device are identical to those of Fig. 4. In other words. 1^ is abruptly increased 
at about half of the applied viltage. and about IjiA qf the electron emission current 1^ is measured when is 15V. On 
the other hand, though l| has similar characteristics to le. but its value is low more than one order, compared with le- 
Moreover, the cart>on fiber formed in this example was a graphite nano fiber. 

<Example 3> 

(0157) In the third embodiment. Pd and Nl are added as catalytic particles by liquid coating. 
[01 58] In the present embodiment, after making the electron emitUng element in a similar manner to the first embod- 
iment, except that the second process is conducted as below, If and are measured. 

(Step 2) 

[0159] The resist pattem 104 is formed using negative type photoresist used for lift-off of an upper layer in the pho- 
tolithography process (Fig. 1 B). 

[0160] Then. TIN layer is formed as a conductive material layer 105 on which the carbon fiber 107 would be grown 
with the medium of the catalytic particles 106. 

[01 61 1 And, the catalytic particles 1 06 of the present invention are formed by liquid coating as follows. By using mixed 
solution of acetic add complex of Pd and Ni, the mixed liquid is spinner-coated. After coating, it is heated at the at- 
mosphere. As a result, the catalyUc particles 106 containing Ni component of 25atm% to Pd is formed In an island 
shape (Fig. 1C). 

[0162] If and Ig characteristics of the element are Wentical to those of Fig. 4. In other words, 1^ is abruptly increased 
at about half of the applied viltage, and about l^m of the electron emission cun-ent 1^ is measured when Vf is 15V. On 
the other hand, though If has similar characteristics to 1^, but its value is low more than one order, compared with 1^. 
Moreover, the carbon fiber formed in this example was a graphite nano fiber. 
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<Example 4> 

[0163] In this embodiment, the electron emitting device shown in Figs. 1 and 2 is used, like the firet embodiment. 
And, in this embodiment, the cathode 203(103) is coated with TiN (titan nitride) with thickness of 300nm by using the 
ion beam sputtering manner. The conductive material layer 105 used in the first embodiment is not used. 
[01 64] And, a catalytic layer made of Pd-Co alloy is evaporated on the cathode as much as amount to be an island 
shape by the sputtering manner using Ar (argon) gas. As a result of analysis of the evaporated catalytic layer, it is 
found that 50atm% of Co is included in Pd. After that, the catalytic particles 106 with particle diameter of about 50nm 
are obtained though heating under hydrogen circumstance. 

[0165] Then, in this embodiment, the substrate is heated at 500°C for 10 minutes among gas flow after mixing 1% 
of hydrogen diluted by nitrogen and 0.1% of acetylene diluted by nitrogen in 1:1 ratio at atmosphere pressure (about 

lxi05pa). 

[0166] As a result of observing that with the scanning electronic mrcroscope, it is found that a plurality of carix>n 
fibers, curved and elongated in a fiber shape with diameter of about 50nm. are formed In a region where Pd-Co particles 
are formed. At this time, the layer composed of a plurality of carbon fibers has thickness of about S^im. In addition, as 
a result of observing this material with the transmission electronic microscope, the image as shown in Fig, 8 is obtained. 
In Fig. 8, a shape of carbon fiber seen at an optical microscope level (-1000 times) are schematically shown to left, a 
shape at an scanning electron microscope (SEM) level (-30,000 times) to center, and a shape at a transmission electron 
microscope (TEM) level (-1 .000,000 times) to right. 

[01 67] And, an intertayer spacing d(002) is infen-ed to be 0.35 to 0.37nm. In addition, in the center of fiber axis, there 
exist an element in which the graphene layer is omitted and an element which is not distinct (it is certainly filled with 
cartK>n in amorphous shape). 

[0168] As a result of measuring electron emission characteristic (voltage-current characteristic) of this device, the 
characteristics shown in Fig. 4 are obtained and the threshold electric field required for electron emission is 3V4im. 

< Example 5> 

[0169] In this embodiment, the electron emitting device shown in Figs. 1 and 2 is used, like the first emtxKiiment 
And, in this embodiment, the cathode 203(103) is coated with Cr (chrome) with thickness of 300nm by using the k)n 
beam sputtering manner. 

[0170] And. in this embodiment, titan (Ti) is sputter-evaporated as a conductive material layer 105(205) to have 
thickness of 5nm. And, Pd (Co 25atm%) to be the catalytic layer is sputter-evaporated to have an island shape with 
thickness less than 5nm. After that, the catalytic particles 106 are fomned by heat treatment under hydrogen circum- 
stance. 

[0171] And, in this embodiment after putting the substrate into a furnace and then exhausting gas in the furnace 
sufficiently, gas in which 1vol% of hydrogen is diluted by nitrogen and 1% of ethylene diluted by nitrogen are put into 
the fumace in approximately 1 :1 ratio up to pressure of 400Pa. 

[01 72] Then, in this embodiment as a result of heating the fumace up to 600'C and then maintaining the temperature 
for 30 minutes, carbon fibers having a film shape are grown on the cathode. As a result of observing this carit>on fibers 
with the transmission electronic microscope, the configuration shown in Fig. 16 is checked. 

[0173J As a result of measuring electron emission characteristic (voltage-current characteristic) of this device, the 
characteristics shown in Fig. 4 are obtained and the threshold electric field required for electron emission is 5V4im. 

<Example 6> 

[0174] After sufficiently cleaning the quartz substrate 1 , TiN is coated to have thickness of 300nm as the cathode by 
using the ion beam sputtering manner. 

[0175] Then, the layer in which catalytic particles composed of Pd-Co alloy are dispersed and an^nged by the sput- 
tering manner using Ar gas are evaporated on the cathode with size of 1 mm2. After that, heat treatment under hydrogen 
circumstance forms a plurality of catalytic particles composed of Pd-Co alloy with particle diameter of about 30nm. 
[0176] The formed catalytic particles are composed of alloy in which 50atm% of Co Is contained in Pd, as a result 
of analysis. 

[0177] Then, the substrate is heat-treated at eoO'C for 10 minutes at about atmosphere pressure (about 1 x lO^Pa) 
through flow of gas(gas in which 1 vol% of hydrogen is mixed with nitrogen and gas in which 1vol% of ethylene is mixed 
with nitrogen are mixed in 1:1 ratio). 

[0178] As a result of observing a surface of the cathode with the scanning electronic microscope, it is found that a 
plurality of graphite nanofibers 1 07(207), curved with diameter of 30-50nm and grown in a fiber shape, are formed on 
the cathode. At this time, the layer composed of a plurality of graphite nanofibers has thickness of about Sjim. 
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[0179] And. an interlayer spacing d(002) is measured to be 0.35nm. 

[0180] In addition, in the center of the fiber, there exist an element in which the graphene layer is omitted and an 
element which is not distinct. 

[0181] As a result of measuring Raman spectrum characteristic by irradiating laser rays with wavelength of 514.5nm 
5 on the graphite nanofibers. the result is as shown in Fig. 10. 

[0182] From this result, it is found that FWHM 1 is eSkalsertcnri). FWHM 2 is 55kaiser(cm-i) and h2/h1 is 2.2. 

[0183] On the other hand, when being replaced with the catalyst containing 100% of Pd without adding Co and the 

catalyst containing 23atm% of Co added to Pd. the film containing a plurality of carbon fibers is fomned using each 

catalytic particle, identically to this embodiment. 
10 [0184] And, the electron emission characteristics of the film formed using the catalyst containing 50atm% of Co 

added to Pd prepared in this embodiment, the film formed using the catalyst containing 1 00% of Pd and the film formed 

using the catalyst containing 23atm% of Co added to Pd are compared. Their comparison results are schematically 

shown in Fig. 12. 

[0185] Fig. 12A shows results of Raman spectrum measurement obtained by irradiating laser with wavelength of 
IS 514.5nm on the carbon fiber formed using the catalyst containing 100% of Pd without adding Co. 

[0186] Likewise. Fig. 12B shows results of Raman spectrum measurement obtained by irradiating laser with wave- 
length of 514.5nm on the cartoon fiber formed using the catalyst containing 23atm% of Co added to Pd. 
[0187] And, Fig. 12C shows results of Raman spectrum measurement obtained by irradiating laser with wavelength 
of 514.5nm on the graphite nanofiber formed using the catalyst containing 50atm% of Co added to Pd, prepared in 
20 this embodiment. 

[0188] As shown in Fig. 14, a substrate 1 on which a film 4 containing a plurality of carbon fibers arranged on the 
cathode 3 prepared in this embodiment is positioned in a vacuum chamber 9. In Fig. 14, 1 denotes the substrate, 3 
denotes the cathode. 4 denotes the film containing a plurality of carbon fibers. 61 denotes an anode substrate, 62 
denotes a transparent anode using ITO, 5 denotes an insulating spacer, 6 denotes an ammeter, 7 denotes a high 
25 voltage power source. 8 denotes a vacuum pump and 9 denotes the vacuum chamber. A glass substrate 61 to which 
a transparent electrode is attached through the insulating spacer 5 is installed. The high voltage power source 7 and 
the ammeter 6 are respectively connected thereto, and inner pressure of the vacuum chamber 9 is set to ixlO-^Pa 
of vacuum level by using the vacuum pump 8. 

[0189] And, high voltage Vg is applied to the anode 62, and then electron emission amount emitted from the each 
30 film containing carbon fil>ers formed with different content of Co to Pd is measured by the ammeter 6. And at the same 
time, time dependence (life characteristic) of electron emission characteristics of the each film containing carbon fibers 
Is measured. 

[0190] At this time, it is assumed that three kinds of films corresponding to Figs. 12A to 12C have same thickness. 
[0191] In addition, in the present invention, current density when electron emission current does not increase in 
35 exponential relation though voltage increases in view of V-l characteristic when voltage of the anode is increased slowly 
is defined as a maximum current density of the each film. 

[0192] And. in the first place, the maximum current density is measured for the each film, and set to as an initial 
value of the maximum cun-ent density. And. change of current density to time when voltage achieving the initial value 
of the maximum current density is continuously applied to the each film is measured. 
40 [0193] Results of investigation for change of life by measuring current density change of each film are indicated by 
(1) to (3) in Fig. 12, each of which corresponds to (a) to (c) of Fig. 12 respectively. 

[0194] In the graphite nanofiber film ((3) in Fig. 12) of this embodiment the current at a maximum cun-ent density is 
80mA/cm2 and falloff of the current is maintained at an approximately constant value. However. In the cartx)n fiber film 
((2) in Fig. 12) in which only 23atm% of Co is added to Pd. though an initial value of cun-ent density is equal to that of 

^5 the graphite nanofiber film((3) in Fig. 1 2) of this emkxxiiment the electron emission characteristic is rapidly decreased. 
In addition, in the cartx>n fiber film ((1) in Fig. 12) in which no Co is added to Pd, an initial value of cun-ent density is 
less than the case of this embodiment and the electron emissk>n characteristic is also rapidly decreased. 
[0195] And. in the measurement system shown in Fig. 14. density of the electron emission site is lO^/cm^ or more 
when an electric field of 1 x lOSv/cm is applied to the film (Co: 50atm%) prepared in the present embodiment. In 

so addition, lO^/cm^ or more of graphite nanofibers are arranged in the film (Co: 50atm%) prepared in this emt>odiment. 
[0196] In addition, since a definite peak is not observed in the film containing carl>on fibers shown in (a) of Fig. 12. 
it is difficult to define height of peak (Raman scattering intensity) and FWHM. 

[0197] In the film containing carbon fibers shown in (b) of Fig. 12. definite peaks are obsen/ed near 1 355kaiser (cm-'') 
and near ISSOkatser. However, the FWHM is wkier in the portion shown near 1355kaiser than that shown near 
55 I 580kaiser. 

[0198] In the film containing graphite nanofibers prepared in this embodiment shown in (c) of Fig. 12, Raman spectra 
has a first peak in a range of 1355 ± lOkaiser and a second peak in a range of 1580 ± lOkaiser. And, the FWHM of 
the peak shown in 1355 ± lOkaiser is narrower than that shown in 1580 ± lOkaiser. In addition, the height of peak 
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shown In 1355 ± lOkaiser (relative intensity which is difference l>etween background intensity and Raman scattering 
intensity of peak shown in 1355 ± lOkaiser) is about double of the height shown in 1580 ± lOkaiser (relative intensity 
which Is difference between background intensity and Raman scattering intensity of peak shown In 1 580 ± 1 0kaiser). 
[0199] And, in the film containing graphite nanofibers prepared In this embodiment shown in (c) of Fig. 12, it is found 
in Raman spectra that relative intensity h3. which is difference between background intensity and minimum Intensity 
of Raman scattering Intensity between the first peak and the second peak (or between D band and G band), is 1/10 
or lower of relative intensity h2, which is difference between ackgrpund intensity and Raman scattering intensity of the 
first peak. 

[0200] From these results, it is found that deterioration of the electron emission characteristics closely related to the 
FWHM of each peak and the peak height in Raman spectra. 

[0201] Therefore, after measuring life characteristic of the films containing a plurality of cart)on fibers in various types 
by changing element added to Pd, growth hours and concentration of gas, preferably applied in the present invention, 
there is caused improvement of initial electron emitting current density in Raman spectrum characteristic in the fact 
that the relative intensity h2, which is difference between background intensity and Raman scatteringintensity of the 
first peak, is 1.3 times or more of the relative intensity hi. which is a difference between Raman scattering intensity of 
the second peak and background intensity. 

[0202] And. in the fact that the relative intensity h2. which is difference between background Intensity and Raman 
scattering intensity of the first peak, is 1.3 times or more and 2.5 times or lower of the relative intensity hi, which is a 
difference between Raman scattering intensity of the second peak and background intensity, improvement of initial 
current density and life is obtained. 

[0203] In addition^ the film containing a plurality of carbon fiber of the present invention may obtain improvement of 
initial current density and life when the Full-Wklth Half-Maximum of the first peak (FWHM2) and ttie Full-Widtti Half- 
r^axlmum of the second peak (FWHM1) satisfy the condition that FWHM2/FWHM1 ^ 1.2. 

[0204] And preferably in the film containing a plurality of carbon fibers of the present invention, ttie Full-Width Half- 
Maximum of the first peak (FWHM2) and the Full-Width Half-Maximum of the second peak (FWHM1) are In relation 
that FWHM2/FWHM1 ^ 1 .2, and the relative Intensity h2, which Is difference between background intensity and Raman 
scattering intensity of the first peak. Is 1.3 times or more of the relative Intensity hi, which is a difference between 
Raman scattering Intensity of the second peak and background intensity. And more preferably, the film containing a 
plurality of carbon fit>ers of the present invention may obtain improvement of initial current density and life when the 
Full-Widtti Half-Maximum of the firet peak {FWHM2) and the Full-Width Half-Maximum of the second peak (FWHM1) 
are in relation that FWHM2/FWHM1 ^ 1.2, and the relative intensity h2. which is difference between background in- 
tensity and Raman scattering intensity of the first peak. Is 1.3 times or more arKi 2.5 times or lower of the relative 
intensity hi. which is a difference between Raman scattering Intensity of the second peak and background Intensity. 
[0205] And further preferably, the film containing a plurality of cart)on fibers of the present Invention may obtain stable 
electron emission current density when relative Intensity h3, which is difference between background intensity and 
minimum intensity of Raman scattering intensity between the first peak and the second peak (or between D band and 
G band). Is 1 /1 0 or lower of relative intensity h2, which Is difference between background intensity and Raman scattering 
Intensity of the first peak in addition to each of above characteristics (relation of FWHM of the first peak and the second 
peak and/or relation of intensity ratio of the first peak and the second peak). And. it is possible to obtain high electron 
emission cun-ent density stably for a k>ng time when the relative intensity h3 is 1 /1 5 or lower of tiie relative intensity h2. 
[0206] ArKi, the film containing a plurality of cart)on fiber may obtain stable and high electron emission current density 
for a long time by restrain decrease of high initial electron emission cun-ent density when FWHM1 and FWHM2 have 
a relation that FWHM2/FWHM1 ^ 1 .2, h2 is 1 .3 times or more and 2.5 times or lower of hi , and h3 is 1/1 5 or more of h2. 
[0207] After evaluating the graphite nanofiber of the present invention shown In (c) of Fig. 12 and the cartoon fiber 
shown In (a) and (b) of Fig. 12 In view of hydrogen storing and cathode material of lithium ion battery, the graphite 
nanofiber shown in Fig. 12C of the present invention has more excellent hydrogen storing than the cark>on fit>er shown 
in Figs. 12A and 12B. the cartion fiber shown in Fig. 12B of more excellent hydrogen storing than the carbon fiber 
shown in Figs. 12A. 

[0208] And, when absorption and desorption of hydrogen are repeated, ttie graphite nanofiber shown In (c) of Fig. 
12 of the present invention shows more stable absorption and desorption characteristics than the carbon fiber shown 
in (a) and (b) of Fig. 12. And the absorption and desorption characteristics of the Carbon fibers shown in (b) of Fig. 12 
is more stable than the cartxsn fillers shown in (b) of Fig. 12. 

[0209] In addition, a cart)on electrode (cathode) is made using a plurality of graphite nanofibers shown in (c) of Fig. 
12 of tine present invention, and a carbon electrode (cathode) is made using a plurality of cartx>n fiber shown in (a) 
and (b) of Fig. 12. And. charging capacity and discharging capacity of each cattiode are measured with a common test 
battery. As a result, the carbon electrode (cathode) using a plurality of graphite nanofiber shown in (c) of Fig. 12 of the 
present invention shows particularly superior characteristics. And the cartx>n electrode (cathode) using a plurality of 
cartran fiber shown in Fig. 12B shows superior charging/discharging capacity than that of using a plurality of carbon 
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fiber shown In Fig. 12C. 

[021 01 And, after repeating such charging and discharging, the carbon electrode (cathode) using a plurality of graphite 
nanofiber shown in (c) of Fig. 12 of the present invention shows significantly stable charging/discharging characteristic 
and rapid charging characteristic at the same time. And the cart>on electrode (cathode) using a plurality of cartxan fiber 
5 shown In (b) of Fig. 12 shows superior stability of charging/discharging capacity than that Of using a plurality of carbon 
fiber shown in Fig. 12C. 

[0211] The cathode made in this embodiment is used as a cathode of a lithium ion secondary battery for nrieasure- 
ment At this time, lithium transitional metal oxide is used as anode active material for the anode. 
[0212] In order to make the cathode with graphite nanofibers of the present invention, a plurality of the graphite 
10 nanofit>ers of the present invention may be made into a pellet shape by using such as binder 

[0213] The cathode using the graphite nanofiber of the present Invention may be preferably applied to the lithium 
ion secondary battery as a secondary battery(rechargeable battery). In addition, as a cathode material, a transitional 
metal is preferably included. And, as electrolytic solution, any one which Is commonly used for the lithium ion secondary 
battery will do. 

15 

-<Example 7> 

[0214] This Example is different from the above embodiment in fact of Pd (70atm% of Ni is added) is used for the 
catalyst instead of the catalyst of the Example 6 and in fact of cartx>n fiber forming method. 
20 [021 5] In order to fbmn cart)on fiber, a substrate having the catalytic particles arranged on the cathode made off TIN 
is put into a furnace, and then after exhausting gas in the furnace suffidentty. gas in which 1 vot% of hydrogen is mixed 
with helium (He) and gas in which 1vol% of ethylene is mixed with helium are put in the furnace at near 1:1 ratio to 
have inner pressure of 400Pa. 

[021 6] Then, the above furnace is heated to 600°C and maintained at the temperature for 30 minutes so that same 
25 graphite nanofiber as in the 6th embodiment is grown. 

[021 7] After measuring Raman spectrum characteristic by irradiating laser of 51 4. 5nm to this graphite nanofibers as 
well as in the Example 6. the results as shown in Fig. 11 are obtained. 

[021 8] From those results, FWHM1 is 70kaiser(cm-''), FWHM2 Is 55kalser and h2/h1 is 1 .8. all of which satisfy relation 
of FWHM and intensity ratio of Raman scattering. 
30 [021 9] Then, identically to the Example 6. time dependency (life characteristic) of election emission amount emitted 
from the film containing the graphite nanofibers of this embodiment is measured. 

[0220] As a result, though emission current at the maximum current density is higher than that of the device(film) of 
the Example 6 ((3)of Fig. 12), decrease of emission current density takes more time for going to a constant value, 
compared witii the device of the Example 6 ((3) of Fig. 12). However, it obtains characteristics superior to the devices 
35 of (2) of Fig. 12 or (1) of Fig. 12 in the Example 6, and close to the device of the Example 6. 

[0221] And, in the film containing a plurality of graphite nanofibers prepared in this Example also, density of the 
electron emission site is more than lO^/cm^ when an electric field of 1 x IQSv/cm is applied, according to the meas- 
urement system shown In Fig. 1 4 by using same measuring method as the Example 6. In addition, 1 (P/cm^ of graphite 
nanofibers are arranged in the film prepared in this Example. 

40 

<Example8> 



[0222] This Example is different from the Example 6 in fact that Ni-Pd is used as an element composing catalyst and 
in fact of cart>on fiber forming method. 

45 [0223] First of all. Pd-Ni catalyst is made by putting several scales (about 2cm square) containing 100% of Pd upon 
a sputtering target made of 1 00% of Ni of a sputter-evaporating device and then sputtering them at the same time, and 
about 4nm of film made of Pd-Ni is evaporated on TiN cathode. And, by adjusting ratio of Pd scales put on NI. there 
are prepared films respectively containing 20atm% of Ni, 50atm% of Ni and 80atm% of Ni to Pd. 
[0224] In addition, there is separately prepared a substrate in which Pd film witti a thickness of 4nm is evaporated 

so on TiN cathode by preparing only a sputtering target having 100% of Pd. 

[0225] Then, Pd 100%, Pd-Ni(20atm%), Pd-Ni(50atm%), Pd-Ni(80atm%) and NI 100% substrates fonned as above 
are put into an infrared furnace (IR furnace), and hydrogen (2%) diluted by inert gas and ethylene (C2H4, 2%) diluted 
by inert gas are flowed in at 1:1 ratio, then the furnace maintained at 580°C for about 5 minutes and then cooled. 
[0226] 5 kinds of substrates are respectively cut and photographed by SEM, and a thickness of the film containing 

55 a plurality of carix>n fibers is measured. In additk)n, for the film containing a plurality of carlx>n fibers formed on each 
substrate, Raman spectium characteristic(Raman spectmm) detected by irradiating laser with a wavelength of 514.5nm 
is measured as well as the embodiment 6. Each value of FWHM1, FWHM2. hi . h2. h3 and film ttiickness at this time 
is subscribed in the following Table 1. 
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(Table 1) 



10 



IS 





hi 

relative 
value 


h2 

relative 
value 


h3 

relative 
value 


FWHMl 
kaiser 


FWHM2 
kaiser 


film 

thickness 
pan 


Pd 
100% 


52 


46 


39 


>150 


>200 


-3 


Pd-Ni 
20% 


52 


44 


22 


94 


208 


-3 


Pd-Ni 
50% 


52 


66 


12 


60 


75 


-1 


Pd-Ni 
80% 


52 


60 


17 


65 


78 


--1 


Ni 

100% 


52 


45 


17 


70 


80 


very thin 



20 [0227] As seen in. Table 1, though carbon fiber grows in this conditions when Pd is 100%. it is surmised from the 
FWHM of Raman peak (measured from a curve fitting to Lorenz curve) caused by graphite configuration that the cart>on 
fiber formed with Pd100% having less structual order than that of the other cartx>n fibers. 

[0228] Cartx>n fiber Is checked to grow when Ni is added to Pd In range of 20atm% to 1 00atm%. However, very small 
number of cartx>n fiber is grown when Ni is 100%, and Its length is also less than several hundred nm. In addition, it 

25 is recognized that the FWHM (FWHM1 and FWHM2) are significantly decreased by adding Ni. 

[0229] And then, time dependence (life characteristic) of electron emission amount emitted from the film containing 
the graphite nanofibers of this Example in the same condition as the Example 6 is measured. 
[0230] As a result, all of devices(fiims) comprising a plurality of cartoon fibers formed using the catalytic particles of 
Pd-Ni alloy show electron emission characteristic near (2) of Fig. 1 2 shown in the Example 6. And, the catalytic particles 

30 having 100% of Ni shows low growth of cartx>n fiber, and very low electron emission current, compared with other 
devices. On the other hand, the device comprising a plurality of cartion fibers formed using the catalytic particles having 
1 00% of Pd shows electron emission characteristic substantially equal to ( 1 ) of Fig. 1 2 shown in the sixth emt>odiment 
From those results, it is determined that an effective range of Ni addition is 20atm% to 80atm%. 

35 < Example 9> 

[0231] A result that Co is added to Pd in same manner as the eighth embodiment is shown in Table 2. Method of 
making catalyst and growth condition of cartK>n fiber are identical to the Example 8. 

\ 

40 



(Table 2) 



45 



50 



^tm%N^ 


hi 

relative 
value 


h2 

relative 
value 


h3 

relative 
value 


FWHMl 
kaiser 


FWHM2 
kaiser 


film 

thickness 
|im 


Pd-Co 
20% 


52 


38 


12 


119 


196 


--3 


Pd-Co 
50% 


52 


47 


7 


50 


112 


-1 


Pd-Go 
60% 


52 


49 


7 


45 


90 


-•1 



[0232] And, in a test piece having 1 00% of Co. growth is not checked at the SdO'^C (growth temperature) . In addition, 
55 it is found that the FWHM s (FWHMl and FWHM2) are significantly decreased when Co is added 20atm% or more. 
[0233] Then, time dependence (life characteristic) of electron emission amount emitted from the cart>on fiber of this 
Example in the same condition as the Example 6 is measured. 

[0234] As a result, all of devices comprsing a plurality of carbon fibers formed using the catalytic particles of Pd-Co 
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alloy show electron emission characteristic near (2) of Fig. 12 shown in the Example 6, but worse than the electron 
emitting device prepared in the Example 6 (the characteristic is shown in (3) of Fig. 12). And, the catalytic particles 
having 100% of Co shows low growth of cartoon fiber and low electron emission characteristic. On the other hand, the 
device using a plurality of carbon fibers formed using the catalytic particles having 1 00% of Pd shows electron emission 
characteristic equal to (1) of Fig. 12 shown in the Example 6. From those results, it is determined that an effective 
range of Co addition Is 20atm% to 80atm%. 

<Example 10> 

[0235] In this Example, growth temperature of cart}on fiber in the Example 8 is changed from 580°C to BSO^C. Others 
are identical to the Example 8. Its results are shown in Table 3. 



(Table 3) 
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hi 

relative 
value 


h2 

relative 
value 


h3 

relative 
value 


FWHMl 
kaiser 


FWHM2 
kaiser 


Pd-Ni 
20% 


52 


79 


12 


63 


73 


Pd-Ni 
50% 


52 


112 


7 


59 


52 


Pd-Ni 
80% 


52 


89 


7 


56 


59 


Ni 

100% 


52 


50 


7 


50 


55 



[0236] And. growth in a test piece having 1 00% of Ni is better than that of the Example 9. but the growth of cark>on 
30 fiber is very stow, compared with the case that partides of Pd-Ni alloy are used, in addition, it is fourKi that the FWHM 
s (FWHMl and FWHM2) are significantly decreased when Ni is added 20atm% or more. 

[0237] Then, time deperKlence (life characteristic) of electron emitting amount emitted from the carix)n fiber of this 
Example in the same condition as ttie Example 6 is measured. 

[0238] As a result, it is possible that alt of devices(films) comprising a plurality of carbon frbers formed using the 
35 catalytic particles of Pd-Ni alloy show electron emission characteristic near (2) of Fig. 1 2 shown in tiie Example 6. And, 
the catalytic particles having 1 00% of Ni shows low initial electron emission current density rather than one using 
catalytic partides of Pd-Ni alloy. On the other hand, ttie device(film) comprising a plurality of cart>on fibers formed using 
the catalytic particles having 100% of Pd shows electron emission characteristic equal to (1) of Fig. 12 shown In the 
Example 6. From those results, it is detemnined that an effective range of NI addition is 20atm% to 80atm%. 

40 

<Example 11> 

[0239] In this example, growth temperature of carbon fiber in the example 9 is changed from 580°C to 630°C. Others 
are identical to the ninth embodiment. Its results are shown in Table 4. 

45 



(Table 4) 



50 



55 



atm%\ 


hi 

relative 
value 


h2 

relative 
value 


h3 

relative 
value 


FWHMl 

Kaiser 


FWHM2 

Kaiser 


Pd-Co 
20% 


52 


79 


12 


60 


73 


Pd-Co 
50% 


52 


110 


7 


49 


57 


Pd-Co 
80% 


52 


105 


7 


49 


50 
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[0240] And, though growth of a test piece having 100% of Co is not checked at this growth temperature, growth of 
carbon fiber is very slow, compared with the case that partides of Pd-Co alloy are used. In addition. It is found that the 
FWHM s (FWHM1 and FWHM2) are significantly decreased when Co is added In range of 20atm% or more. 
[0241] Then, time dependence (life characteristic) of electron emission amount emitted from the film containing the 
cartx>h fibers of this example is measured in the same condition as the Example 6. 

[0242] As a result. It is possible that all of devices comprising a plurality of carbon fibers formed using the catalytic 
particles of Pd-Co alloy show electron emission characteristic near (3) of Fig. 12 shown in the Example 6. And, the 
catalytic particles having 100% of Co shows lower initial electron emission current density than one using catalytic 
particles of Pd-Co alloy. On the other hand, the device(fiim) comprising a plurality of carbon fibers formed using the 
catalytic particles having 100% of Pd shows electron emission characteristic substantially equal to (1) of Fig. 12 shown 
in the Example 6. From those results, it is determined that an effective range of Co addition is 20atm% to 80atm%. 

<Example 12> 

[0243] A result that Fe is added to Pd in same manner as the Example 8 is shown in Table 5. Method of making 
catalyst and growth condition of cartx>n fiber are kienticat to the Example 9. 



(Table 5) 
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hi 

relative 
value 


relat:ive 
value 


h3 

relative 
value 


FWHMl 
kaiser 


FWHM2 
kaiser 


film 

thickness 
pan 


Pd-Fe 
20% 


52 


34 


46 


>120 


>200 


-3 


Pd-Fe 
50% 


52 


27 


49 


117 


192 


-1 


Pd-Fe 
80% 


52 


21 


52 


95 


144 


-1 



30 

[0244] And, in a test piece having 100% of Fe. growth is not checked at this growth temperature. In addition, it is 
found that the FWHM s (FWHMl and FWHM2) are significantly decreased when Fe is added in range of 20atm% or 
more. 

35 [0245] Then, time dependence (life characteristic) of electron emission amount emitted from the film comprising the 
carit>on fibers of Example in the same condition as the Example 6 is measured. 

[0246] As a result, all of devices(films) comprising a plurality of carbon fibers formed using the catalytk: particles of 
Pd-Fe alloy show electron emission characteristic near (2) of Fig. 12 shown in the Example 6. but worse than the 
electron emitting element ((3) in Fig. 12) prepared in the Example 8. From those results, it is determined that an effective 
^ range of Fe addition is 20atm% to 80atm%. 

<Example 12> 

[0247] In this Example, a plurality of electron emitting devices having a shape shown In Fig. 2 are prepared using 
45 the film containing a plurality of carbon fibers (graphite nanoflbers) prepared In the Example 6 (as shown in (c) of Fig. 
12), and these are arranged in matrix as shown in Fig. 5 to make the image display device shown in Fig. 6. At this 
time, a gap between the face plate 710 and the electron source substrate 701 is set to be 2mm. As a result of applying 
lOkV to the anode 707 of this image display device to display TV image, it is possible to obtain stable image with high 
brightness for a long time. 

so 

(Effects of the Present Invention) 

[0248] As described above, the catalyst of the present invention enables to provide carbon fit>er applicable to an 
electron emitting element, which excellently grows at a relatively low temperature wittv>ut needing complex process 
S5 for stable growth of the cart)pn fiber at a low temperature. AtkJ, since it can be made at a low temperature, the catalyst 
of the present invention is preferred In aspect of effect on other members and manufacturing costs. In addition, there 
is no need of explosion-proof equipments for the manufacturing device because there is no danger of fume explosion. 
[0249] Furthermore, it Is possible to prevent deformation of particles being bigger than their initial state when using 
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only Pd, so thus being capable of preventing Increase of growth temperature of the carbon fiber and increase of the 
threshold of electron emission. 

[0250] And. the present invention enables to obtain stable and excellent electron emitting characteristics for a long 
time, 

5 [0251] A catalyst for promoting growth of carbon fiber, which is capable of growing satisfactorily at a tow temperature 
without needing complex process and applicable to such as electron emitting device. 

[0252] The catalyst used for growth of cart>on fiber contains Pd and at least one element selected In the group 
consisting of Fe, Co. Ni. Y. F^. Pt, La, Ce, Pr. Nd, Gd. Tb. Dy, Ho. Er and Lu. in which 20 to 80atm% (atomic percentage) 
of the selected at least one element is contained to Pd. 

10 

Claims 

1. An electron emitting devicelnduding a film containing a plurality of carix>n fibers. 

*5 wherein the film, according to Raman spectrum characteristic detected by irradiatinglaser having a wave- 

length pf 514.5nm, has a first peak of intensity of Raman scattering in which Raman shift is in a range of 1355 ± 
10kaiser(cm-'') and a second peak of intensity of Raman scattering light in which Raman shift is in a range of 1 580 
± lOkaiser, and 

wherein a Full-Width Half-Maximum (FWHM2) of the first peak and a Full-Width Half.Maxlmum(FWHM1) of 
20 ' the second peak satisfy a relation that FWHM2/FWHI^1 ^ 1 .2. 

2. An electron emitting device induding a film containing a plurality of cartxm fibers, 

wherein the film, according to Raman spectrum characteristic detected by irradiating laser having a wave- 
length of 514.5nm, has a first peak of Intensity of Raman scattering in which Raman shift is in a range of 1355 ± 
25 10kaiser(cm-^) and a second peak of intensify of Raman sc:attering in which Raman shift is in a range of 1580 ± 

lOkaiser. and 

wherein a relative intensify h2. which is difference between background intensify and intensify of the Raman 
scattering at the first peak, and a relative intensify hi , which is difference between background intensify and in- 
tensify of the Raman scattering at the second peak, satisfy a relatton that 1.3^ h2/h1 . 

30 

3. An electron emitting deviceinctuding a film containing a pluralify of carkx>n fibers. 

wherein the film, according to Raman spectrum characteristic detected by Irradiating laser having a wave- 
length of 514.5nm. has a first peak of intensify of Raman scattering light in which Raman shift is in a range of 1355 
± 10kaiser(cm~'*) and a second peak of intensify of Raman scattering in which Raman shift is in a range of 1580 
35 ± lOkaiser, 

wherein a Full-Width Half-Maximum (FWHM2) of the first peak and a Full-Width Half-Maximum (FWHM1 ) of 
the second peak satisfy a relation that FWHM2/FWHM1 ^ 1.2. and 

wherein a relative Intensify h2, which is difference between background intensify and Intensify of the Raman 
scattering light at the first peak, and a relative intensify hi, which is difference between background Intensify and 
40 Intensify of the Ranian scattering light at the second peak, satisfy a relation that 1.3 ^ h2/h1. 

4. The electron emitting device according to claim 2 or 3, 

wherein the relative h2 and the relative hi have a relation that h2/h1 ^ 2.5. 

45 5. The electron emitting device according to any of claims 2 to 4, 

wherein a relative Intensify h3. which is difference between background intensify and minimum intensify of 
Raman scattering Intensify between the first peak and the second peak, is 1/10 or lower of the relative intensify 
h2, which is difference t>etween background intensify and intensify of Raman scattering at the first peak. 

so 6. The electron emitting device according to claim 5, 

wherein the relative intensify h3 is 1/15 or lower of the relative intensify h2. 

7. The electron emitting device according to any of claims 1 to 6, 

wherein the carbon fit>er is graphite narK>fiber having graphenes laminated not in parallel to the axial direction 
55 thereof. 

8. The electron emitting device according to any of claims 1 to 7, 

wherein the pluralify of carbon fibers included In the film containing a pluralify of cart)on fitiers have denstfy 
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of 103/cm2 or more. 

9. The electron emitting devicet according to any of claims 1 to 8, 

wherein the number of electron emission sites of the film containing a plurality of cart)on fik>er5 is KP/cm or 
more when electric field Intensity 1 x lO^V/cm or more is applied to the film containing a plurality of cart>on fil>er. 

10. An electron emitting device including a film containing a plurality of carbon fil)ers. 

wherein the carbon fiber is graphite nanofiber having graphenes laminated not in parallel to the axial direction 
thereof, and 

wherein thei plurality of cart>on fibers included in the film containing a plurality of cart}on fibers have density 
of 103/cm2 or more. 

11. The electron emitting device according to any of claims 1 to 10, further comprising a gate electrode and a 
cathode electrode positioned on a surface of a substrate with a space therebetween. 

wherein the film containing a plurality of carbon fibers is disposed on the cathode electrode to be electrically 
connected thereto, and at least a part of a surface of the film containing a plurality of cart>on fik>ers is positioned 
over the surface of the substrate to be spaced apart more than a distance between a surface of the gate electrode 
and the surface of the substrate. 

12. The electron emitting device according to claim 11 , 

wherein the cathode electrode has metallic nitride on at least the surface thereof. 

13. The electron emitting device according to claim 12. 

wherein the metallic nitride is TiN. 

14. An electron source having a plurality of electron emitting devices, wherein the electron emitting device is one 
defined in any of claims 1 to 13. 

15. An Image display device including an electron source and a member, which emits light when electrons are 
Iraadlated thereto. 

wherein the electron source Is one defined in datm 14. 

16. An image display device comprising a first substrate on which an electron emitting device having a film con- 
taining a plurality of cart>on fibers Is anranged. and a second substrate having a light emitting member and an 
anode electrode and arranged in opposition to the first substrate, 

wherein the carbon fiber is graphite narwfiber having graphenes laminated not In parallel to the axial direction 
thereof, and 

wherein the number of electron emission sites of the film containing a plurality of cartx>n fik>ers is lO^/cm or 
more when electrons are emitted form the film containing a plurality of cartx>n fit>ers by electric field intensity 1 x 
lO^V/cm or more is applied between the film containing a plurality of cart>on fiber and the anode electrode. 

17. A catalyst used to form cart>on fiber, which contains Pd and at least one element selected In the group consisting 
of Fe, Co, Ni, Y, Rh, Pt, La, Ce, Pr, Nd, Gd. Tb, Dy, Ho. Er and Lu, 

wherein 20atm% or more (atomic percentage) of the selected at least one element is contained to Pd. 

1 8. A catalyst used to form cartx>n fiber, which contains Pd and at least one element selected In the group consisting 
of Fe. Co arKi NI. 

wherein 20atm% or. more (atomic percentage) of the selected at least one element is contained to Pd. 

19. The catalyst used to form carbon fit>er according to claim 17 or 18, 

wherein 80atm% or less (atomic percentage) of the selected at least one element is contained to Pd. 

20. The catalyst used to form carbon fiber according to any of claims 17 to 19. 

wherein the catalyst is In a particle state, and Pd and the selected at least one element are Included In an 
alloy state. 

21. The catalyst used to form carbon fiber according to any of claims 17 to 20, 

wherein the carbon fiber is graphite nanofiber having graphenes laminated not in parallel to the axial direction 
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thereof. 

22. A method of making a film containing a plurality of carbon fibers comprising the steps of: 
arranging a catalyst on a substrate; and 

heat-treating the substrate on which the catalyst is arranged under circumstance including hydrocarbon gas 
and hydrogen, 

wherein the catalyst contains Pd and at least one element selected in the group consisting of Fe, Co. Ni, Y, 
Rh, Pt, La, Ce, Pr. Nd. Gd, Tb, Dy. Ho. Er and Lu. and more than 20atm% (atomic percentage) of the selected at 
least one element is contained to Pd. 

23. A method of making a film containing a plurality of carbon fibers comprising the steps of: 
arranging a plurality of catalytic particles on a substrate; and 

heat-treating the substrate on which the plurality of catalytic particles are arranged under circumstaru:e includ- 
ing hydrocarbon gas and hydrogen, 

wherein the catalyst contains Pd and at least one element selected in the group consisting of Fe, Co, Ni. Y, 
Rh, Pt La. Ce. Pr, Nd. Gd, Tb, Dy, Ho, Ef and Lu. and 20atm% or more (atomic pen^entage) of the selected at 
least one element is contained to Pd. 

24. A method of making an electron emitting device comprising the steps of: 
disposing a film containing metal on a substrate; 

arranging a plurality of catalytic particles on the film containing metal; and 

heat-treating the substrate on which the plurality of catalytic particles are arranged under circumstance includ- 
ing hydrocarbon gas and hydrogen to form a plurality of carbon fibers. 

wherein the catalyst contains Pd and at least one element selected in the group consisting of Fe. Co. Ni. Y, 
Rh. Pt. La. Ce, Pr. Nd. Gd. tb. Dy. Ho, Er and Lu, and 20atm% or more (atomic percentage) of the selected at 
least one element Is contained to Pd. 

25. A method of making an electron emitting device comprising the steps of: 
disposing a film containing metal on a substrate; 

arranging a plurality of catalytic particles on the film containing metal; and 

heat-treating the substrate on which the plurality of catalytic particles are arranged under circumstance includ- 
ing hydrocarbon gas and hydrogen to form a plurality of cart)on fibers. 

wherein the catalytic particles contains Pd and at least one element selected in the group consisting of Fe. 
Co and Ni, and 20atm% or more (atomic percentage) of the selected at least one element is contained to Pd. 

26. The method of making an electron emitting device according to claim 24 or 25, 

wherein the film containing metal has metallic nitride at least on a surfece thereof. 

27. The method of making an electron emitting device according to daim 26. 

wherein the metallic nitride is TIN. 

28. A method of making an electron source having a plurality of electron emitting devices, 

wherein the electron emitting device made by the method defined in any of claims 24 to 27. 

29. A method of making an image forming apparatus having an electron source and an image forming member. 

wherein the electron source is made by the method defined in claim 28. 

30. A cathode of a secondary battery containing a plurality of cart>on fibers, 

wherein a film containing a plurality of the carbon fibers, according to Raman spectrum characteristic detected 
by irradiating laser having a wavelength of 514.5nm. has a first peak of intensity of Raman scattering in which 
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Raman shift is in a range of 1355 ± 10kaiser(cm-^) and a second peak of intensity of Raman scattering in which 
Raman shift is in a range of 1580 ± lOkaiser. and 

wherein a Full-Width Half-Maximum (FWHM2) of the first peak and a FUll-Width Half-Maximum (FWHM1) of 
the second peak satisfy a relatksn that FWHM2/FWHM1 ^ 1.2. 

31. A cathode of a secondary battery containing a plurality of cart>on fit>ers. 

wherein a film containing a plurality of the carbon fit)ers. according to Raman spectrum characteristic detected 
by irradiating laser having a wavelength of 514.5nm, has a first peak of intensity of Raman scattering in which 
Raman shift is in a range of 1 355 ± 1 0kaiser(cm-i) and a second peak of intensity of Raman scattering in which 
Raman shift is in a range of 1580 ± lOkaiser, and 

wherein a relative intensity h2, which is difference between background intensity and intensity of the Raman 
scattering at thie first peak, and a relative intensity hi , which is difference between background intensity and in- 
tensity of the Raman scattering at the second peak, satisfy a relation that 1.3^ h2/h1 . 

32. A cathode of a secondary battery containing a plurality of carbon fibers. 

wherein the plurality of carix>n fjk>ers, according to Raman spectrum characteristic detected by irradiating 
laser having a wavelength of 514.5nm, has a first peak of intensity of Raman scattering in of the second peak 
satisfy a relation that FWHM2/FWHM1 ^1.2. 

34. A body for a hydrogen storing, containing a plurality of carljon fibers, 

wherein the plurality of carison fil>ers, according to Raman spectrum characteristic detected by irradiating 
laser having a wavelength of 51 4.5nm. has a first peak of Intensity of Raman scattering In which Raman shift Is in 
a range of 1355 ± 10kaiser{cm-i) and a second peak of Intensity of Raman scattering in which Raman shift is in 
a range of 1580 ± lOkaiser, and 

wherein a relative intensity h2, which is difference between background intensity and intensity of the Raman 
scattering at the first peak, and a relative intensity hi, which is difference between background intensity arKJ in- 
tensity of the Raman scattering at the second peak, satisfy a relation that 1 .3 5 h2/h1 . 

35. A body for a hydrogen storing, containing a plural!^ of cartx>n fibers, 

wherein the plurality of carbon fibers, according to Raman spectrum characteristic detected by irradiatirtg 
laser having a wavelength of 514.5nm, has a first peak of intensity of Raman scattering in 
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FIG. 9 
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FIG. 10 
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